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Talk to undergraduates ... page 17 






Thomas A. Beattie, class of ’47, 
speaks from experience when he says: 

“At U. S. Steel one has a great amount 


of varied experiences. 

There is truly never a dull moment.” 



After receiving his B.S. in Mechani¬ 
cal Engineering in 1947, Mr. Beattie 
entered the employ of U. S. Steel as 
a student engineer. That was on Sep¬ 
tember 22,1947, and included service 
in the United States Navy from 1943 
to 1946. 

Mr. Beattie’s progress from that 
date onward is typical of that of 
many engineering graduates who 
plan their future with U. S. Steel. 
For, within two years, we find Mr. 
Beattie advanced to the position of 
Process Engineer, Maintenance De¬ 
partment. Then oil April 16, 1951, 
he was promoted to Relief Foreman, 
Shops, Maintenance Department. 
On March 1, 1952. he was made 
Turn Foreman, Blooming and Bar 
Mills, Mechanical Maintenance De¬ 
partment. And on January 1, 1955, 
he was promoted to his present post 
of Assistant Superintendent. Main¬ 
tenance Department, of U. S. Steel’s 
National Tube Division’s National 
Works. 


In this position, Mr. Beattie’s re¬ 
sponsibilities are numerous. They in¬ 
clude the Service Power House and 
Skelp Mill area; maintenance of 
four blast furnaces and blast furnace 
auxiliaries, plus a sintering plant; 
maintenance of two blooming mills 
and soaking pits; maintenance of one 
bar mill; maintenance of three Bes¬ 
semer converters, three open hearth 
furnaces, three open hearth auxili¬ 
aries, and seventy overhead cranes 
ranging from two to 200 tons. He 
supervises 680 men. 

As Mr. Beattie remarks: “A steel 
plant includes all departments . . . 
every craft known to industry. In 
the space of three years, a U. S. Steel 
engineer can obtain experience that 
may take three times as long under 
different employment circumstances. 


One meets ali types of problems and 
personnel. Each day is varied, cer¬ 
tainly not dull, and yet no problem 
is insurmountable. Certainly, there 
is no possibility of getting ‘into a 
rut’ here.” 

Should you be interested in a 
challenging and rewarding career 
with United States Steel and feel 
that you can qualify, consult your 
college placement director for fur¬ 
ther information. Upon request, we 
Shall be glad to send you a copy of 
our informative booklet, “Paths of 
Opportunity.” Simply 
write to United States 
Steel Corporation, 

Personnel Division. 

Room 1662, 525 Wil¬ 
liam Penn Place, Pitts¬ 
burgh 30, Pa. 


UNITED STATES STEEL 

SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper tor time Bnd station. 
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The new General Motors Technical Center 

...AND YOU 


W HY should the vast new GM Tech Center he 
of interest to outstanding young engineering 
seniors? 

We’ll try to answer that briefly: 

First, of course, it’s interesting in and of itself. It’s 
the world’s largest institution devoted to research in 
the industrial arts and sciences. It occupies 25 build¬ 
ings, stands on 330 acres, houses more than 4,000 
engineers, scientists, stylists and technicians. 

Second, and even more significant, it is testimonial 
to the increasingly vital role which your chosen pro¬ 
fession of engineering plays in the nation’s destiny. 

Third—and most important of all so far as your own 
immediate problems and aims are concerned—this 
multimillion dollar Technical Center gives living 
proof that you could do no better than to seek a 
career with General Motors. 

For—as a GM engineer working in any of GM’s 34 
decentralized manufacturing divisions scattered 
throughout the land — you would be backed up by 
the Tech Center resources and facilities in addition 
to those of your own division. 

You would partake in a two-way flow of mutually 
stimulating ideas between divisional and Tech 
Center engineers. 


But above and beyond everything else, you would 
have the unequalled opportunities for advancement 
— the chances for professional achievement — that 
can exist only in an organization that has committed 
itself solidly and unyieldingly to the ideal of tech¬ 
nical progress. 

So if you feel you’re cut to the right cloth for 
such a challenge, why not ask your Placement 
Officer to put you in touch with the GM College 
Representative? 

Or simply write us directly. 


GM Positions Now Available in These Fields 

—in GM Divisions throughout the country 

MECHANICAL ENGINEERING 
ELECTRICAL ENGINEERING 
CHEMICAL ENGINEERING 
INDUSTRIAL ENGINEERING 
METALLURGICAL ENGINEERING 
AERONAUTICAL ENGINEERING 


General Motors Corporation 
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COMMUNICATIONS 
at Ramo-Wooldridge 





FINAL ASSEMBLY 


RESEARCH AND DEVELOPMENT 


PILOT LINE PRODUCTION 


Communications activities at The Ramo-Wooldridge 
Corporation include research, development, and 
manufacture of advanced types of radio communica¬ 
tion systems, ground-reference navigation systems, 
and electronic countermeasure systems. Major 
programs are in progress in each of these fields. 

New and unusual techniques have been employed to 
provide systems having a high order of security in the 
transmission of information, broad flexibility in 
combating unfavorable signal propagation conditions, 
and substantially greater information capacity 
per operating channel. 

Some of the techniques used have made possible an 
increased range for given levels of transmitter power 
and reliability of communications. Others have 
provided specific advantages in very long distance 
communications or in operational situations requiring 
unique signaling capabilities. Developments in 
navigation systems have resulted in new equipment 
that is suitable for the guidance of aircraft at long 
ranges from their bases. 

In the work currently under way, some systems are 
in the laboratory development stage, some in the 
flight test stage, some are in production. Several 
types of systems developed and manufactured by 
Ramo-Wooldridge are in extensive operational use. 


Openings exist 

Systems study and analysis 

for engineers 

Airborne transmitters 

and scientists 

Transistorized video and pulse circuitry 

in these fields of 

Airborne receivers 

communications 

Reconnaisance systems 

activities: 

Digital communications systems 


The Ramo-Wooldridge Corporation 

5730 ARBOR VITAE STREET • LOS ANGELES 45, CALIFORNIA 
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IN THIS ISSUE 



0.\ the cover —J. Robert Oppen¬ 
heimer, who came to the campus ior 
five days this month as one of the 
Caltech YMCA’s Leaders of Amer¬ 
ica. Though most of his time was 
spent in informal discussion, Dr. 
Oppenheimer gave one formal ad¬ 
dress during his stay. On page 17— 
his “Talk to Undergraduates.” 

Our Oppenheimer cover portrait 
was taken by Muriel Harvey, the 
wife of Thomas W. Harvey, admin¬ 
istrative assistant in physics. The 
Harveys, who are both photograph¬ 
ers, specialize in portraits, and in 
our December issue we ran a selec¬ 
tion from their Caltech faculty col¬ 
lection. Apparently it wasn’t enough 
of a selection, though, because read¬ 
ers have been asking for more ever 
since. So—on pages 22-27—a sec¬ 
ond installment of Harvey portraits. 
These are credited simply to “Har¬ 
vey”—because not even the Harveys 
know which Harvey took which. 

Jvmes Bonner, professor of bio¬ 
logy, writes about a fascinating new 
development in plant physiology on 
page 28. Dr. Bonner, who got his 
PhD from Caltech in 1934, was the 
first graduate student to get a degree 
in plant physiology here. After a 
year in Holland and Switzerland as 
a National Research Council Fellow, 
he returned to Caltech in 1935, and 
has been on the faculty ever since. 
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Achilles, the bravest of 
the Greeks during the Tro¬ 
jan War, was invulnerable 
— almost. By being dipped 
in the River Styx as an 
infant, he was rendered 
incapable of being wound¬ 
ed — except in the heel by 
which he was held during 
immersion. As luck would 
have it, Achilles was killed, 
finally, by a wound in this 
unprotected heel ... 


3STO ACHILLES HEEL 

The final test of most products for industry is their ability to withstand — 
completely — the corrosive effects of long periods of time. In cables this 
is especially true, since no part of any cable is more serviceable than its 
weakest point. Fortunately—but not accidentally—no Achilles heel limits 
Kerite insulation. Kerite cable in perfect working condition after 40, 50, 
and more years of difficult service is the rule, rather than the exception. 

The value and service life of a product can be no greater than the integrity and craftsmanship of its maker. 


Founded 1854 



KERITE CABLE 

THE KERITE COMPANY—-30 Church St., New York 7, N. Y. 

Offices also at 132 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 

3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston 
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“Engineers like 
yourselves... 


...are finding their widest opportunities in the air¬ 
craft industry. Today's accomplishments are. merely 
forerunners of the supersonic and hypersonic aircraft 
and missiles of tomorrow. 

"You're aware of the current demand for engineers, 
hut did you know that the greatest shortage is in 
the aircraft industry? That's because the challenge of 
transporting men, materials and armament through 
the air at constantly increasing speeds involves a 
greater number of basic sciences than possibly any 
other field of research and development. In this in¬ 
dustry, any area of engineering study offers you a 
profitable and unlimited future. 

“And remember, these engineering opportunities 
will residt in personal satisfaction as well as high 
returns in salary and security. So between you and 
me, I'd advise you to consider seriously the aircraft 
industry as you plan your career." 


A ll across the nation this sound advice is being 
. appreciated by students who are searching for 
the most promising careers in engineering. With time 
and space being vastly diminished by today’s aircraft 
and missiles, and by those to come, possibilities for 
creative engineering at Northrop Aircraft, Inc., are 
unequalled anywhere. 

At Northrop such vital projects as the SnarkSM-62, 
first intercontinental guided missile, and Northrop’s 
new supersonic jet trainer, the world’s fastest flying 
classroom, will continually spark your interest and 
enthusiasm. Northrop research accomplishments in 
elude automatic guidance controls lor missiles and 
manned aircraft, signjlicant advances in the field of 
boundary layer control, new type materials for 
strengthening aircraft and missile components, and 
integrated ground support systems for the most 
advanced flight equipment. j j 

In Northrop’s new multi-inillion-dollar engineer! 
ing center you will he working in ideal, modern sur¬ 
roundings with leading engineers and scientists who 
will encourage your initiative and ideas. 

Write now regarding an interesting future with 
Northrop. Ask us questions ... let us tell you about 
our future. We sincerely believe we can help you. 
Write to Manager of Engineering Industrial Rela 
dons, Northrop Aircraft, Inc., 1019 East Broadway, 
Hawthorne, California. 


NORTHROP AIRCRAFT, INC.,HAWTHORNE, CALIFORNIA 
Builders of the First Intercontinental Guided Missile 


NORTH 


ROP 
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MARS outstanding design SERIES 


chef-less restaurant 

This concept of Sue Vanderbilt, Pratt industrial- 
design graduate now designing GM auto interiors, 
would assemble a whole meal and cook it by microwave 
in a few seconds. Customer would merely check pic¬ 
ture menu, insert money, push buttons. By the time 
he reached the far end of the counter the meal would 
be waiting, piping hot. All components already exist. 

Many designs that will make news tomorrow are 
still in the “bright idea” stage today. No one knows 
which will flower into reality. But it will be important 
in the future, as it is now, to use the best of tools when 
pencil and paper translate a dream into a project. And 
then, as now, there will be no finer tool than Mars— 
sketch to working drawing. 

Mars has long been the standard of professionals^ 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarell painting pencils, have recently been 
added these new products: the Mars Pocket-Technico 
for field use; the efficient Mars lead sharpener and 
"Draftsman's” Pencil Sharpener with the adjustable 
point-length feature; and — last but not least — the 
Mars-Lumochrorn, the new colored drafting pencil 
which offers revolutionary drafting advantages. The 
fact that it blueprints perfectly is just one of its many 
important features. 


The 2886 Mars-lumograph drawing pencil, 1? 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-lumograph 
Imported leads. IB degrees. EXB to 9H. Mars- 
lumochrom colored drafting pencil, 24 colors. 


JS 


s 
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at all good engineering and drawing material suppliers 


BOOKS 

THE DARWIN READER 

edited by Marston Bates and 

Philip S. Humphrey 

Scribner's, N.Y. $6.75 

Reviewed by George If. Beadle 
Chairman of the Division of Biology 

Ctt4fii.ES Darwin’s life should be 
an excellent antidote to the despon- 
efiey said to characterize Tech sopho¬ 
mores. 

Here was a man who overturned 
the foundations of man’s thinking 
about his origins and those of his 
fellow creatures on earth. His con¬ 
cept of organic evolution is one of 
the great ideas of all time. Yet. as a 
youth, he was regarded as a “very 
ordinary boy, rather below the com¬ 
mon standard of intellect.” His fa¬ 
ther once said, “You care for nothing 
but shooting, dogs and rat-catching, 
and you will be a disgrace to your¬ 
self and all your family.” 

Had there been a Caltech in his 
day, Darwin would surely have been 
denied admission. He says of him¬ 
self that bis power of sustained ab¬ 
stract thought was limited and that 
he could not have succeeded in 
mathematics. In spite of bis prodi¬ 
gious productivity and success as a 
writer, he complains that he had 
great difficulty in this form of ex¬ 
pression, tending frequently to put 
his first statement or proposition in 
“a wrong or awkward form.” He was 
“singularly incapable of mastering 
any language” and could hot “per¬ 
ceive a discord, or keep time and 
hum a tune correctly.” 

His professors of humanities must 
have made no lasting impression, for 
in his later years he could not endure 
to read a line of poetry, found Shake¬ 
speare so intolerably dull that it 
nauseated him. lost his taste for pic- 
lures, arid was disturbed by music. 

At 16, Darwin was sent to Edin¬ 
burgh to study medicine. He found 
the lectures incredibly dull: be says 
ihe sole effect of Jameson’s lectures 
on geology was a determination 
never to trad a book on geology. He 

CONTINUED OH RAGE 10 
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With your future at stake, it pays to investigate these employment advantages NOW! 

Dow is one of the fastest growing chemical companies in the 
world. New products and processes are being developed con¬ 
tinually in the search for better ways of doing things. Your 
contribution—as a Dow chemist, engineer, metallurgist—will 
be recognized and rewarded. 

In addition, the activities of Dow are not dependent upon 
any one industry. Our over 600 products go into practically 
every industry, into agriculture and the home, here and abroad. 

The fringe benefits you would expect from a sound, pro¬ 
gressive company are yours, too, at Dow. To name a few— 
pensions, profit sharing, insurance—even the chance for further 
education. (AND salaries are reviewed at least once a year, 
promotions come from within.) 

Opportunities are open in Midland, Michigan; Freeport, Texas; 
Baton Rouge, Louisiana; and a new Textile Fiber Department 
(present address Midland, Michigan) to be located in Lee 
Hall, Virginia. 

We Pay Moving Expenses. Send complete resume of edu¬ 
cation, experience, age, academic record and salary require¬ 
ments to the Technical Employment Department at any of 
the above locations. 


THE DOW CHEMICAL COMPANY, Midland, Michigan 

MARCH, 1957 
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EAGLE "CHCffti * SEALED" TURQUOISE DRSU/ffltS 


EA5LE TURQUOISE 3379 


are your plans 
as precise 

as your planning? 


The proof of the planning is in the finished 
plans. That's why you're smart to use Eagle 
TURQUOISE—the pencil the professionals 
prefer. Look what it gives you: Uniform grading 
(17 scientific formulas guarantee exactly the 
blackness you want—from every pencil, every 
time!). A strong non-crumbling needle point 
that stays sharp for line after long line of 
unchanging width. Inimitable smoothness— 
thanks to Eagle's exclusive "Electronic'' graphite. 
TURQUOISE makes your plans look sharp— 
and you, too! 


WHITE FOR FREE SAMPLE Turquoise wood 
pencil and Cleantex Eraser, naming this magazine 
—or buy any of these drawing instruments from 

your favorite dealer. 


* TURQUOISE DRAWING PENCILS: With 100% ^"Electronic" graphite. 17 grades, 6B through 9H 
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Atomic Power 
Automation 

JET-AGE METALS 

Large power equipment 
Radar 

Semiconductors 

Electronics 

Chemistry 


You are making a tough 

decision . . . 


‘where shall I start my career 
... which company offers 
me the best future?” 


Your whole career can be 
affected, by your decision, so 
choose carefully. 

We sincerely believe you 
will make a wise decision in 
choosing Westinghouse, a 
company where big and excit¬ 
ing things are happening. 

Here you can work with 
men who are outstanding 
leaders in fields such as: 


Paul Halpine, University of Pittsburgh '41, atomic engineer for Westinghouse, checking the 

operations of a model of the first nuclear reactor for the nation's first full-scale atomic and dozens of Others 
power plant being built by Westinghouse for the AEC and the Duquesne Light Company. 


You will have an opportunity to work with a company 
that is having spectacular growth in many fields . . . 
giving you room to grow. 

We value our engineers highly, for we know our 
growth has been due largely to the high caliber of 
engineering personnel we have succeeded in attracting. 
Their development into scientists and managers has 
resulted in dynamic and progressive planning and 
policies. 

We help you apply your training to industry. You 

TVestinghouse 

MARCH, 1 9 57 


can pick a career in the industry of your choice ... in 
the type of work you prefer, and in plants, sales offices 
and laboratories from the Atlantic to the Pacific. And, 
you can study for advanced degrees at Company 
expense. 

These are just a few of many reasons why you should 
choose Westinghouse. If you want more information, 
ask your Placement Officer for our booklets, or phone 
or write the Westinghouse interviewer, or Educational 
Coordinator named below. 

I Mr. W. L. Winter 
I Regional Educational Co-ordinator 
Westinghouse Electric Corporation 
410 Bush Street 
, San Francisco 8, California 
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Books 


CONTINUED 


recovered, however. Had hi- fame as 
a biologist not so eclipsed his other 
remarkable achievements, his work 
on the origin of coral reefs alone 
would have insured his place in geol¬ 
ogy s hall of fame. 

Finding he had no heart for medi¬ 
cine, Darwin went to Cambridge to 
become a clergyman. For a time he 
was convinced of the “literal truth 
of every word in the Bible.” 

Little did he dream that he would 
one day provide the proof that it 
could not be, and that he would he 
responsible for jolting religious 
thought out of a complacency that 
had lasted for 17 centuries. 

There followed a time-wasting 
phase of his college days, which he 
describes in the following words: 

. . I got into a sporting set, in¬ 
cluding some dissipated low-minded 
young men. Vie used often to dine 
together in the evening, though 
these dinners often included men of 
a higher stamp, arid we sometimes 


drank too much, with'jolly singing 
and playing cards afterwards.” 

To shorten the story, with the help 
of Professor Henslow of Cambridge, 
Darwin finally found himself arid 
henceforth devoted himself complete¬ 
ly to natural science. Soon after he 
signed as naturalist “without stip¬ 
end” on the famous five-year voyage 
of the Beagle. He almost missed go¬ 
ing because of his father's objections. 

Three years after his return he 
had clearly formulated the theory of 
the origin of species through natural 
selection. U ith characteristic delib¬ 
erateness, however, he did not pub¬ 
lish it iri full until 20 years later. 

Darwin wrote voluminously and 
methodically, ft was this attention 
to every detail that made the Origin 
at once so convincing and so time- 
consuming to read. Today, every in¬ 
formed biologist is supposed to have 
read this most important of Darwin’s 
20-some hooks. The fact is many 
have not. The words are so numerous 
for an idea that now seems so ob¬ 
vious and eleganlly simple. 


With the publication of The Dar- 
uin Reader, the task of reading Dar¬ 
win is much lightened. The editors 
have so wisely and skillfully selected, 
arranged, abridged and annotated 
excerpts from Darwin's works that 
it is now possible to have, within a 
single 470-page volume, the meat of 
most of them. Short, informative and 
well written editorial comments pro¬ 
vide continuity. 

ELEMENTS OF ENGINEERING 
THERMODYNAMICS 

by Rolf H. Sabersky 
McGraw-Hill, N.Y. $7.50 

Reviewed by Edward Ziikoski 
Assistant, Professor of Mechanical 
Engineering and Jet Propulsion 

This book by Dr. Sabersky, as¬ 
sociate professor of mechanical en¬ 
gineering at Caltech, is designed as 
an elementary text for a one-half 
year course ill thermodynamics. Be¬ 
cause of the time limit, the author 
has restricted the material to be dis¬ 
cussed and confines himself to a 
CONTINUED ON PAGE 14 


EDISON NEEDS ENGINEERS 



CIVIL 

ELECTRICAL 

MECHANICAL 


Southern California Edison Company, the fastest-growing 
electric utility company in the United States, serves one of the 
fastest-growing areas of the nation. 

In anticipation of future power requirements. Southern Cali¬ 
fornia Edison is pioneering in an experimental atomic electric 
generating plant which will be the first in the West to produce 
electricity on a commercial basis. 

Because of Edison’s growth and its policies of leadership in 
technological fields and promoting from within, the opportunities 
for advancement with the company are at an unprecedented high. 

Edison’s employee benefits include a medical and sick leave 
plan plus outstanding retirement, vacation and insurance plans. 
For all the details please write or cal!: 

Mr. C. T. Malloy, Southern California Edison Company, 
P.O. Box 351 — Michigan 7111, Los Angeles 53. California. 
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James B. Walker received his B.S. in mechani¬ 
cal engineering from North Carolina State 
College in June, 1954, and was working to¬ 
ward his M.S. in the same field when he was 
called for military service. 


Jim Walker askss 

Can a mechanical engineer make real progress in a chemical firm? 



“Rick” Pickering answers: 

You might call that a leading question, Jim, but the 
answer leads right into my bailiwick. 1 came to 
Du Pont in 1940, after taking a combined mechanical 
and electrical engineering course. So I had what you 
might call a double reason for wondering about my 
future with a chemical firm. 

I soon learned that the success of a large-scale 
chemical process hinges importantly on mechanical 
equipment. And the success of this equipment—especially for a new process 
—depends on (1) Research, (2) Development, (3) Plant Engineering, and 
(4) Close Supervision. The net result is that a mechanical engineer at Du Pont 
can progress along any one of these four broad highways to a top-level position. 

My own Du Pont experience includes mechanical engineering work in 
fields as varied as atomic energy, fabrics and finishes, and nylon manufacture. 
Every one of these brought with it a new set of challenging problems in con¬ 
struction, instrumentation and power supply. And every one provided the 
sort of opportunities a man gets in a pioneering industry. 

So, to answer your question, Jim, a mechanical engineer certainly has 
plenty of chances to get somewhere with a chemical company like Du Pont. 


H. M. Pickering, Jr., received a B.S. in ALE. and E.E. from the University of Minnesota in 
1940. lie gained valuable technical experience at Ihmford Works, in Richland, Wash., 
and in Du Pant’s Fabrics and Finishes Plant at Purlin, N. j. Today, he is Assistant Plant 
Manager at Du Pout’s Seaford, Del., plant, where nylon is made. 

MARCH, 1957 



BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 


WATCH "DU PONT THEATER" ON TELEVISION 

WANT TO KNOW MORE about working with 
Du Pont? Send for a free copy of ‘Mechani¬ 
cal Engineers at DuPont,” This 24-page 
booklet describes in detail die four broad cate¬ 
gories of jobs mentioned by “Pick” Pickering. 
Typical pioneering problems in each of these 
four categories are oudined. This booklet 
briefs a young mechanical engineer on how 
some of the newest and most challenging 
problems in his field were solved. Write to 
E. I. du Pont de Nemours & Co. (Inc.), 
2521 Nemours Building, Wilmington, Del. 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY • Berkeley Livermore 


UCRL 


Could you contribute 
new ideas to these new fields ? 

Nuclear 'Weapons 
Nuclear Pocket Propulsion 
Controlled thermo-nuclear energy 
P article accelerators 
High -speed digital computers 
Critical assembly and reactor research 


These are six of the challenging projects now underway 
at the University of California Radiation Laboratory- 
managed and directed by some of America’s foremost 
scientists and engineers. 

You are invited to join them...share their pioneering 
knowledge in nuclear research... use their expansive facilities 
... and help to do what has never been done before. 


I f you are a mechanical or elec¬ 
tronics engineer, you may be in¬ 
volved in a project in any one of 
these fields, as a basic member of tfie 
task force assigned each research prob¬ 
lem. Your major contribution will be to 
design and test the necessary equip¬ 
ment, which calls for skill at improvis¬ 
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

If you are a physicist or mathema¬ 
tician you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydro-dynamics), 
reaction history, nuclear physics, criti¬ 
cal assembly, high current linear ac¬ 
celerator research, and the controlled 
release of thermo-nuclear energy. 

If you are a chemist or chemical 


engineer, you will work on investiga¬ 
tions in radiochemistry , physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob¬ 
lems of nuclear rocket propulsion, 
weapons and reactors. 

In addition, you will be encouraged 


to explore fundamental problems of 
your own choosing and to publish your 
Endings in the open literature. 

And for your family —there’s pleas¬ 
ant living to be had in Northern Cali¬ 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac¬ 
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow—today at UCRL 
Send for complete information on the 
facilities, work, personnel plans and 
benefits arid the good living your family 
can enjoy. 


3 - 1-6 



UCRL 


director of professional personnel 

UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

LIVERMORE, CALIFORNIA 

Please send me complete information describing UCFiL facilities, 
projects and opportunities. 


My fields of interest are~ 


Name- 


Address- 

City - 


-Zone- 


State- 
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1. Do you wish to extend your experience 
in electronics systems? 

2. Would you like to instruct others in 
advanced fire control systems and labora¬ 
tory" techniques? 

3. Would you like to handle a responsible 
position representing a leading electronics 
organization? 

4. Do you believe that you can accurately 
relate your findings and studies in tech¬ 
nical language? 

5. Are you interested in such devices as an¬ 
alog computers, digital compu ters, power 
supplies, transmitters, receivers, and mi¬ 
crowave antennas? 

6 . Do you enjoy working with people? 

It you can answer "yes to four or the 
above questions and have an Electrical 
Engineering or Physics degree, chances 
are that you can qualify for one of the 
several engineering positions in the 
Hughes Field Engineering department. 

In addition to giving you well-rounded 
experience in electronic systems and con¬ 
trols, Hughes offers you training at full 
salary^, moving and travel allowances, per 
diem expenses, and many other benefits. 
For further information write Mr. W. A. 
Barnes at the address below. 


RESEARCH AND DEVELOPMENT LABORATORIES 
SCIENTIFIC STAFF RELATIONS 

Hughes Aircraft Company, Culver City, Calif, 
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Make art appointment through your placement director to see the 
Sylvania representative on his visit to your campus—and tJcrile for 
your copy of “Today and Tomorrow with Sylvania,” 


thorough discussion of fundamental 
concepts. 

For purposes of discussion, the 23 
chapters of the hook may be grouped 
roughly into three sections: (1) the 
development of basic concepts; (2) 
discussion of general substances arid 
their working cycles: and (3) ap¬ 
plication of thermodynamic laws to 
flow of compressible fluids. 

Although the development of the 
concepts of temperature, internal en¬ 
ergy. enthalpy and entropy follows 
a rather conventional pattern, the 
treatment is unusually thorough and 
the implications are carefully ex¬ 
plored. Hie extension of the basic 
conservation laws to systems of par- 
tides in motion is made early in 
this section of the book. 

In the second section, the prop¬ 
erties of perfect ga-' and real sub¬ 
stances are described. The deviations 
of real gases from ideal behavior 
are illustrated by a discussion of van 
rlrr Waal? gas and by problems in¬ 
volving the use of tabulated values 
of thermodynamic functions of real 
gasps. The working cycles of a wide 
range of engines arc presented and 
discussed in general terms. The cvc!e« 
described include the Otto. Diesel 
and gas turbine cycle and also cycles 
using a condensable fluid. Some of 
the economic far tors involved in the 
choice of a cycle for a particular 
application are also considered. 

Fbr one-dimensional firm of a 
compressible fluid is treated in the 
third section Iri considerably more 
detail than is usual in thermodyn¬ 
amics texts. The equation* of motion 
are developed ami applied to the de¬ 
scription of pressure waves the nor¬ 
mal shock relations and flow in a 
convergent-divergent nozzle. With 
this background, some problems of 
gas turbine design are analyzed, 

The last chapter of the book serves 
as an introduction to some of the 
concepts of combustion processes. 

Because of the emphasis placed on 
the analysis of compressible flow 
problems, this hook is particularly 
suitable as art elementary thermo¬ 
dynamics text for students interested 
in the study of fluid dynamic?. 
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Few areas of engineering or science offer greater 
problems—or greater opportunity for achievement—than 
inertial guidance. At Lockheed Missile Systems’ Research 
and Engineering Centers in Palo Alto and Sunnyvale, 
engineers and scientists are performing advanced 
work on all phases of inertial guidance and navigation. 

New positions have been created for those possessing 
backgrounds in mathematics, physics, electronics, 
servomechanisms, flight controls, precision instrumentation 
and computer design. Inquiries are invited from 
those possessing strong interest in inertial guidance. 

Positions are open in inertial guidance and virtually 
every field of engineering and science related to 
missile systems at Lockheed’s Sunnyvale and Van Nuys 
Engineering Centers and Palo Alto Research Center. 

Here R. G. Rickey (left), components specialist, discusses 
new accelerometer designs with E. V. Stearns, head of the 
Inertial Guidance Department. 



MISSILE SYSTEMS DIVISION 

research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION 





YAVNO 


on 


tne second langfua^ 


‘Ouf first language is English. Our second is Mathe- 
rrmtics. Not all of us are truly trilingual, tut protattv 
all are versed in a few concepts of Mathematics — ttat of 
a function, for example. The majority of us tnow those 
fields of mathematical analysis which developed with 
the physical sciences well enough to use them as the 
principal tools of our professions. A minority of us — 
the professional mathematicians — have pushed on to 
ground which may never become a public part, but 


parts of which are clearly exciting. Some strive to master 
electronic computers which already compress thousands 
of arithmetical operations into a second. Others, with 
the sharpest tools of modern Mathematics, carve out 
fields for use where human elements and decisions are 
paramount, and for use on problems which could he 
solved by enumeration, if fife were long enough — life 
of the Universe, that is. 

<—/. D. Williams, Head of the Mathematics Division 


16 


THE RAND CORPORATION SANTA MONICA, CALIFORNIA 

A nonprofit organization engaged in research on problems related to national security and the public interest 

ENGINEERING AND SCIENCE 




March, 1957 


Volume XX ENGINEERING AND SCIENCE 



TALK TO UNDERGRADUATES 

by J. ROBERT OPPENHEIMER 


Dr. Oppenheimer , director oj the Institute for Advanced 
Study in Princeton, A lew jersey, came to the Caltech 
campus this month as the first 1957 visitor in the Caltech 
YMCA’s Leaders of America program. From February 28 
to March 5 he spent most of his time in informal discus¬ 
sions with students. His one formal address, “Talk to 
Cinder graduates.’' was given in Culbertson Hall on the 
evening of March 4. A transcript of the talk appears on 
the following pages. 


1 HAVE SPENT enough lime here so that not all of 
you are complete strangers to me; but this is the first 
opportunity 1 have had to say some things which, though 
formal, are nonetheless very much heartfelt. I thank you 
for asking me out: 1 think it an honor. Those of you 
who have met with me, and seen me struggling with 
questions to which I did not know the answers, must he 
aware of the fact that I have had many misgivings as to 
whether 1 rated the honor. I want to thank you for the 
very great friendliness, the very great frankness and 
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the earnestness with which you have dealt with me. And 
I would like to thartk you for adding a little to my 
understanding of the world we live in. 

I have a few thoughts on the situation we face that I 
would like to talk about tonight. Of course, what I say 
is not only incomplete and partial, but there is a very 
special ground for some humility in what I do say. 
Between your generation and mine there are differences 
that neither of us is likely fully to understand. I am 
aware of this gulf and I don’t underestimate it. 

There is another reason for humility: What you have 
to deal with is partly the heritage of what the generations 
your senior have left you. I think we have no great 
reason for pride in the heritage. The problems seem to 
me very grave, and the measures and means for dealing 
with them and resolving them nothing to write home 
about. 

Peculiarities of the time 

Before talking about the specific problems of learn¬ 
ing and ignorance—as they appear here, and as they 
appear in a larger sense for all of us—it may not be 
too bad to remind ourselves of some of the peculiarities 
of the time. It seems to me an extremely peculiar age. 
All ages are; but I am in some doubt as to whether 
there is any valid historical analog to this time. 

I was reminded today of a story; and before outlining 
some of the traits of the mid-twentieth century, I may 
repeat it. It has a kind of moral, I think. A friend of 
mine signed up in the Army, after Pearl Harbor. He is 
a Greek philologist and philosopher, and the Army 
understood that he was a clever man and put him to 
work in Intelligence. Part of his job, in preparation for 
the invasion of Europe, was to interview men who had 
participated in the Canadian raid and in the evacuation 
from Dunkirk, and one day he talked to a fellow who 
had been the communications officer for his outfit. This 
fellow had come moderately late to Dunkirk and there 
were great masses of men on the beach waiting to be 
evacuated. So he dug down in the sand and turned on 
his radio and listened. There was a little bit of music 
—and that was all right—and then he got a BBC 
broadcast. The broadcast described how the ships were 
standing off to sea, waiting, and the men were waiting 
in long lines, and the Germans were approaching, and 
overhead there were dogfights-—and the fellow said, “It 
was much too horrible; I had to turn it off.” 

So it is whenever we take an appraisal of our situation. 
One of the features of this time is that we live under a 
palpable threat of an apocalypse. I have talked with 
you enough so that you know that I don’t regard this 
as inevitable; on the contrary, I think that for anyone 
who has an opportunity of working to avert it, that is 
a valid full-time job. It isn’t like the apocalypse that was 
expected in the year 1000, but it is very much at the 
back of our minds in everything we do. 

, It is a strange time, too, in that never in the history 
of ,the world has there been as rapid a growth of knowl¬ 


edge, as rapid a growth in understanding, or as great 
changes. I suppose that, in the 18th century, men talked 
about how knowledge doubled every 50 years. I think 
we could make a case for saying that it doubled every 
10 years now. 

This creates problems of which I will talk mostly 
tonight. But it also creates problems of the use of that 
knowledge, of the vast powers that it seems to make 
available, of the choices. It creates a world of incredibly 
rapid change. Almost nobody can look back to a school¬ 
ing with a feeling that it is entirely relevant to the 
problems that he is now dealing with. Almost everyone 
has to have the sense that he goes to school all his life. 

In some ways, this situation, which I think is a natur¬ 
al continuation of the fluidity arid openness of American 
society—an openness now not with regard to the physical 
frontier, but with regard to the frontier of knowledge— 
has given this country a strange destiny. I cannot be¬ 
lieve that other parts of the world will not also very 
rapidly be caught up in changes comparable to those in 
which we live. They are not prepared for it; they have 
remained in relatively steady, relatively quiet, relatively 
enduring forms. And how we deal with this, certainly 
will not be an example that other peoples will inevitably 
or rightly follow. But how we deal with it cannot be ir¬ 
relevant to the future of the whole world. 

A characteristic irony 

This is also a time when the very rapidity of change 
seems to me to underline the irony that is so character¬ 
istic of history—the -irony which makes the event, the 
outcome, so different from the human purpose. 

Think of the communist movement; it began in 
compassion, and now it is probably the least compas¬ 
sionate of any major political force the world has seen 
for a long, long time. Think of China, with its pattern 
of respect and love for the family and the past, its 
addiction to reflection, and almost private beauty. Think 
what the Chinese have embraced in the way of forced, 
quick, violent, brilliant change—and how little they are 
prepared for it. Think of India, if you will, and a 
government in India which is a direct consequence of 
Cambridge, of Oxford and of London—these symbols 
of two centuries of oppression. And think of us, who 
founded ourselves in independence, and who are inex¬ 
tricably stuck in the most monstrous kind of interde¬ 
pendence—both here, where the vastness of all our af¬ 
fairs makes the individual’s wink invisible, and even 
interdependent with very remote parts of the globe. 
Think of the irony of the great weapons, which, develop¬ 
ed to give a military answer to the problem of security, 
have assumed such proportions that they almost cannot 
be used, and have produced for the general staffs that 
evoked them a nightmare.of almost total insecurity. 

All : these things—and there are many more— could 
easily, it seems to me, make in the times a kirid of bitter¬ 
ness and a kind of feeling that the individual had better 
see to his own delight and to heck with society, to heck 
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with virtue. That is not so different from the way it was 
in the decade when I grew up, after the first World 
War, where a kind of revolt was characteristic in the 
colleges, and in the arts. It was a revolt which said 
that what we have had from the past was not much 
of a guide for the future, a revolt where there was a 
hope of improvising something gay and new, where 
the bitter fruit of that terrible war seemed to call for 
a kind of new, fresh departure. 

It isn’t really quite like that now. I think that today, 
if I know you and your friends through the country, you 
hold very close to the ancient imperatives—the impera¬ 
tives of Christianity, of our traditions, of our countrv. I 
think you are not after novelty and improvisation in art 
or politics or philosophy, or manners. I think that, even 
if the end of our time should come, you are quite con¬ 
tent that we live out these days faithful to the gospels, 
faithful to the ethic, faithful to the sense of responsibility, 
which we have from times past. 

These are some of the things that are in the back¬ 
ground. Of course, the present problem of young people 
at college is the same everywhere. They are finding their 
way into an enormous cognitive jungle, the jungle of 
everything there is to know. They are finding their way 
into it with very little guide, either from synoptic kinds 
of knowledge, like philosophy, which say: This is im¬ 
portant; this is unimportant; this fits in here; this fits 
in there—or from the state of the World, which doesn’t, 
in any very clear or loud voice, say: Learn this; ignore 
that; learn this well; skip over that lightly. 

Impossible choices 

There is, in most places, the vast trouble of impos¬ 
sible choices. I have talked with and been among under¬ 
graduates—and school boys and graduate students as 
well—in some places around the country, and a typical 
agony is: “What do I do? Where am I headed?” The 
complement of that, of course, is to be told what to do, 
and in a measure, that is what goes on here. I think it 
varies from place to place, and there is no doubt that 
Caltech is far on one side of the spectrum—of the 
spectrum between openness and permissiveness on the 
one hand, and rather strict and specific guidance on the 
other; between knowledge as an end in itself, something 
to study because of the joy of it and the beauty of it— 
and knowledge as an instrument, as a way of getting 
on in the future. I think Caltech is very much on the 
instrumental side, and very much On the predetermined 
side. 

But the sense of loss which I hear in you—I don’t 
know whether it is exaggerated in our talk but I’m sure 
it’s there—of the things which you are not studying; 
the sense of loss at all that you might be learning, and 
aren’t; the slight fear that this might not be easy to 
make up at a later time; this is a much larger thing, a 
quite general part of human life. There is much more 
that one might know than any of us are ever going to 
know. There is much more to know than any of us are 


ever going to catch up with; and this is not just the 
trivial fact that we don’t work hard enough; it is not 
the trivial fact that things are difficult to learn. It is 
that any form of knowledge really precludes other forms; 
that any serious study of one thing cuts out some other 
part of your life. Narrowness is not an accident of one 
place, but it is a condition of knowledge. 

I think myself that, with the growth of knowledge— 
the immense perplexity, the pervasive mutual relevance 
of different things to each other—all we can do is to ac¬ 
cept the state of affairs, to affirm it and to accept it 
deeply. It is not that some courses are not better than 
others and some worse, some even good and some evil; 
it is that, in the balance between ignorance and loss on 
the one hand, and knowledge and richness of experience 
on the other, we have to keep the affirmative love of the 
knowledge and the richness very close and never deny 
that most of what men can know, we don’t know; that 
much of what man can know, nobody knows. 

Of course, in a certain sense, this is trivial and people 
have always known it. When it comes to the will, the 
element of choice has always been clear. The fact that 
you had one course which precluded another; you could 
take a job, or you could continue to study; you could 
marry, or you could say goodbye; everybody knows 
that. But I think it has not been quite as clear how, in 
the very conditions of knowledge, choice is built in and 
exclusion is part of depth. 

I don’t want to try to derive this from anything in 
science because it seems to me quite deep and quite com- 
monsensical, and very much a part of all our experience. 
But I do want to give three examples from three different 
areas in science which illustrate it rather sharply. One is 
from the physiology of perception, one is from the 
psychology of learning, and one is from physics. 

The philosophers like to talk about sense data as 
though they were something that came to all men who 
were properly constituted, a replica, a picture, a sign 
of something outside; and all philosophers have always 
been very confident that the sense datum was something 
very solid to build on. But, in being able to perceive, 
we take a far more active part, and not necessarily a 
conscious one. 

A simple experiment 

There is, for instance, an experiment of great simplic¬ 
ity having to do with hearing. The nerves running from 
the hair cells in a dog’s ear toward the cortex can be 
tapped, and one can see what kind of electrical im¬ 
pulses travel along them. And if you take a dog so 
“hooked up,” you will soon learn to recognize the elec¬ 
trical pattern of the signal that comes along when the 
dog hears a bell ring. If you put a piece of meat in front 
of the dog, that signal disappears. The way this happens 
is that, along with the afferent nerve fibers, there are 
finer nerve fibers which, so to speak, tell the nerves 
what to do, what to hear and what signals to send. This 
is not understood in detail. But the coding which we 
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always assume characterizes the human brain — the 
organization of material, the focusing of attention, ani¬ 
madversion, concentration, memory—this coding per¬ 
vades the most primitive parts of the cognitive system, 
and the dog may or may not hear the bell. It isn’t some¬ 
thing that he fixes up inside himself; it is a question 
of what he is attuned to. 

There are very similar experiments, having to do, for 
instance, with language—a whole series of them reported 
from the Harvard Cognition Project. It is astonishing 
what people will notice and what they will ignore. For 
instance, if you take some sounds that have some vari¬ 
ations in them and say them, then an American who is 
attuned only to our language will hear differences— 
but only those differences which correspond to the way 
we spell and write, to our phonetic elements. Of course, 
we don’t spell and write very accurately, but we recog¬ 
nize a as distinct from e, and r as distinct from n and 
so on. If you take a Navaho who doesn’t know English, 
he will hear quite different things. He won’t distinguish 
our vowels, but he will distinguish by the length of the 
vowel. You can teach the Navaho to notice the English 
differences and the American to notice the Navaho dif¬ 
ferences, but he doesn’t normally do it. The possibility 
of communicating, of course, rests on the fact that we 
don’t hear too much. You are hearing my talk, hut 
only that part of it which really has meaning in English. 
All the rest of it—the rumble and roar that goes with 
it—you don’t hear. It isn’t that you hear it and ignore 
it. 

Of the incredibly many examples, one of the most 
striking comes to anyone who tries to translate the words 
for colors from one language to another, even two lan¬ 
guages that are Indo-Germanic. The English words for 
color distinguish spectrally what we call color, by the 
hue. The Greek words have to do almost entirely with 
depth and brightness, and you can’t find a Greek word 
for blue. You can find one that sometimes means blue. 
All these questions of animadversion are extremely prim¬ 
itive. 

An example from physics 

And what is the example from physics? It is the one 
that I talk about much too much. Of course, if one is 
now learning atomic theory, one learns Schroedinger’s 
equation in quantum mechanics, and it all seems very 
unphilosophical and practical. It is a wonderful way of 
describing atomic phenomena, and one tries to get the 
techniques and get it over with. But to anyone who lived 
with the development of this, it was quite a different 
story, because what one had to get through his head was 
something quite odd. 

We are used to a world in which we can find out any¬ 
thing of interest about a large physical system without 
in any way questioning the means by which we can find 
it out. The classical examples are that we can tell where 
a planet is, and, by observing it successively, we can 
tell how fast it is moving. The question whether this ob¬ 


servation could have any paradoxical features in it never 
arises. But in atomic mechanics, we had to learn that, 
although experiments in some ways like finding where a 
planet is, and in some ways like finding out its velocity, 
are indeed possible, and are indeed a part of describing 
what is going on. The kind of arrangement that is suit¬ 
able for doing one of these experiments not only makes 
it impossible to do the other, but makes it logically con¬ 
tradictory to assume that the other quantity has a value, 
or has one of a number of values. In other words, we 
came to realize that, in the atomic scale, one can realize, 
by the way one goes about it in the laboratory, that there 
is some free choice. This is not free in the sense of an 
ethical problem, but just free for the physicist to decide 
what he is interested in or what he wants to study. Hav¬ 
ing made that choice, one has closed out the chance of 
doing the other thing, so that both are valid measure¬ 
ments, or so that he can even imagine that he has done 
both and that each has had a given result. If he imagines 
thus, and starts to draw the consequences, he will get a 
prediction for the future of that atom that has no rela¬ 
tion to what he will find in the laboratory. 

These are just three examples of the pervasiveness 
with which, in all scientific things, one meets again the 
fact that knowledge, by the very techniques, powers, and 
facts of its acquisition, by its organizing the chaos that is 
the world around us, precludes other knowledge. 

A new picture of the cognitive world 

This makes a picture of the cognitive world which, in 
many ways, is not the one we have inherited. It isn’t as 
though we were in a room just looking at it, then, if we 
wanted to know some more, looking some more, exhaust¬ 
ing all the properties of it, being able to talk about it 
all—as though we were in a temple and could go back 
over and over again, studying the peculiarities of the 
temple until there was nothing more to know, and then 
making a description of this room or this temple which 
was total and global. 

It is much more as though we had deep, not always 
connected parts of knowledge—knowledge of physics, 
knowledge of life, knowledge of man, knowledge of his¬ 
tory. Between these things that are known to any one of 
us, there is always potential relevance, so that one can 
never say, even of the most implausibly abstract kind of 
mathematics: This will not be relevant to psychology or 
physics. But the image that comes to my mind is not 
that of the chamber that can be exhausted, but of an 
essentially infinite world, knowable in many different 
ways; and all these paths of knowledge are intercon- 
nectable, and some are interconnected, like a great net¬ 
work—a great network between people, between ideas, 
between systems of knowledge—a reticulated kind of 
structure which is human culture and human society. 

This means that I am very suspicious of statements 
that refer to totality or-completeness; that I am very 
suspicious of our ability to have more than partial know¬ 
ledge, in the very real sense that it can be supplemented 
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and that it doesn’t close. It means that I am very sus¬ 
picious also of order which is hierarchical in the sense 
that it says'that some things are more important than 
others— that some things are so important that you can 
derive everything else from them. These were great 
hopes of man, and philosophical systems are their monu¬ 
ments. I don’t think that the prospects of their being 
realized look very good. 


The collar 

Now, one could take an attitude of real horror toward 
this and say that one can’t live with it—that this is to 
offer man not knowledge, but chaos. I don’t think that is 
right. We have all had the experience of seeing the 
relevance of something that we hadn’t known before, of 
learning at all times in our lives something deep and 
new and wonderful that had been hidden before. We 
have all had the experience of what companionship and 
intercourse and an open mind can do; and I don’t think 
the absence of global traits to our knowledge is a cause 
for despair. But I’d like to read you a poem that seems 
to me to fit a little, not only with this general situation, 
but perhaps even with the local situation. It is not a 
new poem; it is three centuries old and the language is 
archaic, and I can’t be sure you’ll like it—but I can 
say I like it. It is called “The Collar,” and it is by a 
devout Anglican named George Herbert. Some of you 
may know it; it goes like this: 

I struck the board, and cry’d No more; 

I will abroad. 

What? Shall I ever sigh and pine? 

My lines and life are free; free as the road. 

Loose as the wind, as large as store. 

Shall I be still in suit? 

Have I no harvest but a thorn 

To let me blood, and not restore 

What I have lost with cordial fruit ? 

Sure there was wine, 

Before my sighs did dry it: there was corn, 

Before my tears did drown it. 

Is the year only lost to me ? 

Have I no hays to crown it ? 

No flowers, no garlands gay? all blasted? 

All wasted ?.,. 

Not so, my heart: but there is fruit. 

And thou hast hands. 

Recover all thy sigh-blown age 

On double pleasures: leave thy cold dispute 

Of what is fit, and not forsake thy cage, 

Thy rope of sands, 

Which petty thoughts have made, and made to thee 

Good cable, to enforce and draw. 

And be thy law. 

While thou didst wink and wouldst not see. 

Away: take heed: 

I will abroad. 

Call in thy deaths head there: tie up thy fears. 

He that forebears 
To suit and serve his need. 

Deserves his load. 

But as I raved and grew more fierce and wild, 

At every word, 

Methought I heard one calling, Child; 

and I reply’d. My Lord. * 

Having spoken so, and tried to measure what the 
flowering, changing, rich, but only partially ordered 
world of the mind means for us, it may not be inap¬ 
propriate to stress what seem to me a few of the things 
that will be useful in living with it. They are certainly 
not new things; they have always been useful. 


The first is to have a kind of deep reverence, not, 
certainly, for the learned man or the stuffed shirt, but 
for learning, for knowledge and skill; and to hold tight 
to it, and not to be talked out of it by any superficial 
parody of what it is, the kind of thi-ng we learn in 
school where we learn to do and create and understand, 
and where we learn really to act with the knowledge we 
get. 

This is something that isn’t easv to come by. It 
hasn’t been easy for man; it isn’t being easy now, and 
it is incredibly precious; and the world is full of it. 
Accounts of this—stories (whether in general education 
or in Life Magazine), short cuts, and synopses—miss 
most of the point. It is just the technique and the wonder 
of one’s own ability to do it that is part of the value 
of it. And in ourselves and in other people this is, I 
think, to be held on to very tight. If you have learned 
how to he something, how to be a competent professional, 
you will know a great deal about what is good in this 
world. You will have a bond in common with every 
other man who is a scholar or a scientist. 

The greatest of all protections against narrowness, and 
the greatest relief and opening, is comradeship, and that 
ability to learn from others of what their world is like. 
Learn from books for sure; learn from people, but 
learn with a kind of sense that every man enriches you 
and enlarges you if you only have the strength, the wit, 
the openness, the fortitude to learn what he is all about 
and what he knows. 

The otherness of people 

And very much we need tolerance. We are all incred¬ 
ibly different. I think sometimes that one of the unex¬ 
pected fruits of biological research may be that we can, 
on occasion, be made to feel more like somebody else 
than we normally do, and so get some impression of the 
immense diversity in human experience. But, of course, 
as it is, we don’t have that. Through art, through affec¬ 
tion, we have some sense of a global kind of what other 
people are like, of what life means to them, of what 
makes them tick, and of what their learning and their 
understanding is. But an immense sense of the otherness 
of, people, and the otherness of possible worlds and 
ideas is, I guess, the basis of tolerance. I don’t mean, in 
any simple way, tolerance of evil in one’s self, hut 
rather a recognition that even two people, hearing the 
same words, living together, seeing the same things, have 
some measure of gulf between them; and a recognition 
that when we are dealing with remote peoples, remote 
traditions, we need to bring an overpowering humility to 
our estimate of what they are, and our measure of them. 

I have the impression that if we, in this time and this 
age, manage properly to live with the wealth of know¬ 
ledge, the wealth of change, the responsibility, and the 
traits of impotence, which these times dish up, we will 
really be quite something, and that maybe there will be 
places and people and times that come after who will 
have reason to be grateful to us. 
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THE CHEMICAL CURE OF CLIMATIC LESIONS 

Plant physiologists move into an exciting new field 
of research—in which climatic effects of plant growth 
are being chemically controlled. 

by JAMES BONNER 


I T APPEARS quite possible that we stand this year 
at the beginning of a modest new era in our under¬ 
standing and control of plant growth and development. 
This possibility is indicated by a very small number 
of new facts which we have concerning the way in which 
plants sense and respond to temperature. These facts do 
not in themselves constitute a new era; actually, they 
constitute just a gleam in the eyes of a few people. But 
they have suggested a concept which will be increasingly 
explored in the years to come, and one which may well 
greatly extend our ability to cause plants to do our 
bidding. 

An enormous amount of descriptive material concern¬ 
ing the effect of climate on plants has now been accumu¬ 
lated. We know a lot about the effects of heat and cold, 
the fluctuations of temperature, and other facets of 
climate upon crop yields and upon the ability of a par¬ 
ticular plant to grow in a particular place. Work in 
the controlled-temperature conditions of the Earhart 
Plant Research Laboratory at Caltech has given us de¬ 
tailed and accurate information on the temperature 
optima for the growth of many species of plants, and on 
the way in which plant growth and yield varies with 
changing temperature. The facilities of the Earhart Lab¬ 
oratory have also made it possible to produce, at will, 
plants suffering from high temperature damage, from 
low temperature damage, and from other symptoms 
which plants suffer as the result of unfavorable climate. 

But now that we know how to produce such climatic 
damage we may ask ourselves: What, actually, does a 
too-high or a too-low temperature do to a plant to 
cause such damage? What could we do about curing 
the symptoms? 

That we ask ourselves these questions is important 
from the standpoint of increasing our knowledge of how 


James Bonner, Caltech professor of biology, by his own ad¬ 
mission, “roams around in the fields of biochemistry and plant 
physiology.” In the course of his roamings he has managed to do 
outstanding research in both fields. 
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living things behave. It is important, too, from an agri¬ 
cultural standpoint. We know that crop yields in many 
regions are limited, not by average climatic conditions, 
but by short periods of extremes of temperature. Yields 
of crop plants in the cooler parts of the temperate 
region are said to be frequently limited by short periods 
of excessive temperature during the summer. Crop yields 
in other regions may be limited by short exposures to 
excessive cold. It appears quite possible that the cure 
or prevention of such climatic damage may he an im¬ 
portant factor in the expansion of world food produc¬ 
tion to its ultimate limit. 

Suppose that we take a particular species of plant— 
peas, for example. The pea plant has a relatively low 
optimum temperature for its growth; perhaps 20°C. 
Suppose we now grow plants at 20°C. and at a series 
of higher temperatures. At a sufficiently high temper¬ 
ature—about 35°C.—the plants die; the leaves become 
yellow, then shrivel, and after a few days the entire 
plant expires. 

This is not due to lack of water, of light energy, or 
of any mineral nutrient. These are all bountifully sup¬ 
plied to plants at all of the temperatures. Obviously, at 
the higher temperatures, most of the chemical reactions 
which govern the plant’s performance will proceed more 
rapidly than at lower temperatures. Chemical reactions 
which are bad for growth processes—those which result 
in the destruction of essential metabolites, for example 
—will go more rapidly at the higher temperature, as 
will the reactions of synthesis which lead to the produc¬ 
tion of these essential metabolites. 

It appears that, in particular instances, damage of 
plants at high temperature is due to the excessive de¬ 
struction of particular chemical substances. This is so 
in the case of the pea plant. It was shown some years 
ago by Arthur W. Galston, then associate professor of 
biology at the Institute, that pea plants may be preserved 
from death at high temperature by the daily application 
to them of the purine, adenine. 
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It was further shown, by appropriate chemical analys¬ 
is, that at higher temperatures adenine is destroyed more 
rapidly than it is synthesized by the pea plant. The 
plant therefore rapidly becomes depleted in this im¬ 
portant metabolite. Apparently, then, the response of 
pea plants to excessively high temperature has a rela¬ 
tively simple chemical basis. Death is due to exhaustion 
of a particular essential compound. The plant can be 
kept from dying by supplying it artificially with this 
compound. 

The behavior of the pea plant at high temperatures 
does not constitute an exceptional case. It has recently 
been found that the duck weed, Lemna, behaves similarly. 
Lemna, grown under appropriate conditions, fails to 
survive temperatures higher than about 30°C. It can, 
however, be kept from dying and, in fact, caused to 
grow very well by the application of the nucleoside, 
adenosine. 

The implication of this experiment, too, is that, under 
conditions of high temperature, Lemna does not possess 
the adenosine which it requires. It would appear that 
the chemical defect brought about by high temperature 
treatment of the duck weed is limitation in adenosine 
supply. 

How general is this simple chemical interpretation of 
high temperature damage to plant growth? Preliminary 
experiments indicate that it may be of moderately wide 
application, but that the critical metabolites involved in 
different species may be quite various. Amino acids, 
vitamins of the B complex, and other substances may 
well prove to be of critical importance in the response 
of still other species to high temperature. 

It may be noted that the high temperature behavior of 
peas and Lemna is very similar to that of the so-called 
temperature mutants of Neurospora, which have been 
studied so extensively at the Institute by the micro- 
biologically-inclined geneticists—the Neurosporologists, 
as they are known in Kerckhoff. 

In the temperature mutants we have organisms which 
will grow normally at one temperature and will fail to 
grow at a second higher temperature. Failure to grow 
at the higher temperature has been shown to be due 
to genetically-induced inability to make one or another 
essential metabolite at that temperature. Temperature 
mutants can be cured, as it were, of their temperature 
sensitiveness by supplementation with the appropriate 
metabolite. The higher plants thus far investigated in the 
Earhart program are not mutants in the sense that they 
have been made deliberately, but what we call the 
normal strains of these higher plant species behave as 
do temperature mutants produced by genetic machina¬ 
tions. 

In the past 25 years a very extensive picture has been 
built up, in part as a result of work done at the Institute, 
of the growth of the plant as controlled and integrated 
by a series of particular and specific chemical sub¬ 
stances — the plant growth hormones. These substances, 
each made in a specific organ and transported to other 
organs, have to do with keeping the growth of the 
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various parts in tune with, and appropriate to, the 
growth of other parts. 

The growth of small leaves into big leaves, for ex¬ 
ample, is controlled, in part, by a leaf growth hormone 
synthesized in the mature leaves and transported to the 
immature growing leaves. And for the pea plant, this 
leaf growth hormone has been shown to be the purine, 
adenine, and related substances. 

Adenine is particularly limiting, then, to the growth 
of the leaves of the pea plant, so it is perhaps more 
understandable that adenine—rather than some other 
chemical substance—should be the one to disappear first 
in the leaves of the pea plant as the temperature is 
raised. 

We know, too, a great deal about the root growth 
hormones, which chemically are vitamins of the B com¬ 
plex, and which are synthesized in mature leaves and 
sent down to roots, which cannot make these materials, 
but which need them in their growth. 

Although we know a great deal about the plant growth 
hormones in general, we know most about those which 
have to do with control of the elongation of the stem— 
the auxins, of which indole acetic acid is the type 
example. 

An exciting development in plant physiology during 
the past two years, however, has been the recognition of 
the fact that we really didn’t know so much about stem 
growth as we thought we did, and that still a further 
substance cooperates with auxin in the control of cell 
elongation. This substance is gibberellin, which was dis¬ 
covered through the work of Japanese and British scient¬ 
ists, together with the work of former Caltech research 
fellows—Bernard 0. Phinney and Anton Lang, both 
now at UCLA. 

Gibberellin, like auxin, appears to be produced in 
the apical bud, according to the work of James Lockhart, 
a research fellow at the Institute. And gibberellin ap¬ 
pears to be involved, too, in the response of plants to 
the temperatures in which they grow. 

Take, for example, a biennial plant, which requires 
two years to complete its life cycle. Such a plant is 
Hyoscyamus, the henbane which produces, during its 
first season of growth, a fleshy root and a crown or 
rosette of leaves. Elongation of the flowering shoot 
fails to take place until after the Hyoscyamus plant has 
been subjected to a sufficiently long period of low tem¬ 
perature treatment. Hyoscyamus which over-winters out¬ 
doors, for example, promptly sends up a flowering 
shoot and flowers the following spring, when tempera¬ 
tures return to a sufficiently high level. Hyoscyamus 
which is kept continuously at high temperature fails to 
elongate its flowering shoot and does not flower. 

The work of Anton Lang has shown that failure of 
Hyoscyamus to flower at high temperature is apparently 
due to a deficiency of gibberellin. Non-cold-treated 
Hyoscyamus plants promptly send up a flowering shoot 
and produce flowers if treated with minute quantities of 
gibberellin. 

The implication of this experiment is that Hyoscyamus 
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must require particularly large amounts of gibberellin 
in order to elongate its flower stock, that it cannot pro¬ 
duce such quantities of gibberellin at high temperature, 
but that at lower temperatures, gibberellin may be ac¬ 
cumulated. These inferences have not yet been confirmed 
by appropriate chemical analysis. 

In a second case, that of the biennial rye plant, Dr. 
Harry Highkin, of the Earhart Plant Research Labora¬ 
tory, has obtained an even more complete picture of 
the basis of cold requirement. Biennial cereals, such as 
winter rye or wheat, fail to produce a shoot and do not 
make flowers and fruits unless they are subjected to 
low temperature treatment. This low temperature may 
be given even in the seedling stage—in which case it is 
referred to as a vernalization treatment. 

Too simple to succeed 

A great deal of effort has been expended by plant 
physiologists over the years in trying to discover the 
chemical basis of the cold requirement of cereal seed¬ 
lings of the winter varieties. But all this effort was to 
no avail, until Highkin performed his simple and ele¬ 
gant experiment. Highkin’s experiment is, in fact, so 
simple that any well informed plant physiologist would 
have told him beforehand that it would be doomed to 
failure. 

Highkin took winter rye seeds, subjected to an ap¬ 
propriate cold treatment, and allowed these seeds to 
leach in water. He then removed the cold-treated seeds 
and placed non-cold-treated winter rye seeds in the 
leachate. The latter, then, soaked up into themselves all 
of the substances which had leaked out of the cold- 
treated seeds. He then planted his non-cold-treated win¬ 
ter rye seeds at ordinary high temperature. The plants 
promptly sent up shoots and flowered as though they had 
been, themselves, cold-treated. Substances are evidently 
made during cold treatment of the cold-requiring seed 
which can be leached out and transfused into a non¬ 
cold-treated seed, but which cause the latter seed to 
develop as though it had been cold-treated. 

It is, of course, just a step—intellectually—to the 
isolation and identification of the material made in cold- 
requiring seeds during cold treatment. Such isolation 
has not been achieved however; and we do not know 
the chemical nature of the substance involved. But sim¬ 
ilar work with cold-requiring pea varieties has indi¬ 
cated that the nucleoside, guanosine, can reproduce the 
effects of cold treatment. 

In any case, it is apparent that, in particular cases, 
the requirement of a plant for low temperature treatment 
has a chemical basis. During the low temperature treat¬ 
ment, the plant accumulates a particular compound 
which is essential to, and responsible for, the subsequent 
characteristic growth behavior at high temperature. In 
both cases, the requirements for cold treatment may be 
replaced by application of the appropriate chemical. 

Let us now consider a case of a plant grown under 
temperatures sufficiently low to restrict its growth, so 
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that it grows more slowly than it would at optimum 
temperature. It was found some years ago that when 
the vegetative growth of Cosmos—an ornamental flow¬ 
ering plant — is restricted by low temperature, the 
growth rate may be increased by the addition of thia¬ 
mine. Thus, for example, Cosmos plants were grown at 
a sufficiently low temperature so that their growth 
rate, as measured by the accumulation of dry weight, 
was decreased to about one half the rate characteristic 
of Cosmos plants grown at their optimum temperature. 
But when thiamine was applied in low concentration to 
the low-temperature-grown Cosmos plants, their growth 
was increased by about 50 percent; that is, growth rate 
was restored about half way to that characteristic of 
Cosmos plants grown at their optimum temperature. 

In this case, it was possible to show by direct analysis 
that plants grown at the lower temperature are character¬ 
ized by a lower concentration of thiamine in their tissues 
than is characteristic of plants grown at the optimum 
temperature. 

Again, it would appear that the effect of low tem¬ 
perature in restricting growth of Cosmos has a relatively 
simple chemical basis. Although the reaction rates of 
many of the reactions leading to the production of the 
Cosmos plant must be decreased by low temperature, 
still the rate of thiamine production appears to be de¬ 
creased even more than the general average. And so 
Cosmos plants which are grown at too low a temperature 
suffer from restriction in thiamine, and their growth 
rate may be increased by artificial application of this 
material. 

Climate and chemistry 

We have, then, some specific instances in which it is 
possible to show that climatic effects on plant growth 
are reducible to relatively simple chemical aberrations. 
These chemical aberrations can be remedied by appro¬ 
priate chemical application. We do not yet know how 
general it may be that climatic effects are interpretable in 
simple chemical terms. It will be necessary to investigate 
this matter in a systematic fashion. 

It will be necessary to find out, too, more about the 
chemical mechanisms involved. Why is it, for example, 
that adenosine is deficient in those plants grown at high 
temperatures? What is the enzymatic basis of this 
phenomenon? These are all investigatable matters. 

It appears, then, that the effects of temperature on 
plant behavior may be mediated through chemical 
mechanisms. The interesting fact is that there are 
temperature-induced chemical defects in plant growth 
which can be remedied by the appropriate application 
of an appropriate chemical. 

To forward these investigations, the Division of 
Natural Sciences and Agriculture of the Rockefeller 
Foundation has recently granted the Institute $112,000 
to be used over a five-year period, for the study of what 
we like to call “The chemical cure of climatic lesions 
of plant growth.” 
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Planning for growth. Jot', Hunt (Icjti talks kith Jim Robinson ((enter/. District (.(instruction Foreman, and 0. 1). Frisbie, 
Supervising Repair Foreman. In Joe’s district alone, 600 new telephones are put into service every month. 


I’ll take a growing company 


70,000 telephones to keep in operation . . . 
$20,000,000 worth of telephone company prop¬ 
erty to watch over . . , 160 people to supervise 
—these are some of the salient facts about Joe 
Hunt’s present job with Southwestern Bell 
Telephone Company. He’s a District Plant 
Superintendent at Tulsa, Oklahoma. 

“It’s a man-sized job,” says Joe, who grad¬ 
uated from Oklahoma A. & M. in 1949 as an 
E.E. “And it’s the kind of job I was looking 
for when J joined the telephone company. 

“I wanted an engineering career that would 
lead to future management responsibilities. 


Moreover, I wanted that career to be in a 
growing company, because growth creates real 
opportunities to get ahead. 

“But to take advantage of opportunities as 
they come along, you must have sound training 
and experience. The telephone company sees 
that you get plenty of both. Really useful train¬ 
ing, and experience that gives you know-how 
and confidence. Then, when bigger jobs come 
your way, you’re equipped to handle them. 

“If I had it to do all over again, I’d make 
the same decision about where to find a career. 
Now—as then —I’ll take a growing company.” 


Interesting career opportunities exist in all 
Bell Telephone Companies, as well as at Bell 
Telephone Laboratories, Western Electric and 
Sandia Corporation. Your placement officer can 
give you more information about these companies. 
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new horizons for development 
Whitney Aircraft metallurgist is 
shown as he supervises preparation -of an experimental high- 
strength nickel-base alloy, melted and cast under high vacuum. 


Induction melted heat of high-temperature alloy being poured in P & W A's experimental foundry. Molten metal Is strained into 
large water tank, forming metal shot which is remelted and cast into test specimens and experimental parts. Development and 
evaluation of improved high-temperature alloys for advanced jet engines is one of the challenges facing metallurgists at P & W A. 
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at Pratt & Whitney Aircraft 

in the field of Materials Engineering 


The development of more advanced, 
far more powerful aircraft engines 
depends to a high degree on the de¬ 
velopment of new and improved 
materials and methods of processing 
them. Such materials and methods, 
of course, are particularly important 
in the nuclear field. 

At Pratt & Whitney Aircraft, the 
physical, metallurgical, chemical 
and mechanical properties of each 
new material are studied in minute 
detail, compared with properties of 
known materials, then carefully ana¬ 
lyzed and evaluated according to 
their potential usefulness in aircraft 
engine application. 

The nuclear physics of reactor 
materials as well as penetration and 


effects of radiation on matter are 
important aspects of the nuclear re¬ 
actor program now under way at 
P & W A. Stress analysis by strain 
gage and X-ray diffraction is an¬ 
other notable phase of investigation. 

In the metallurgical field, mate¬ 
rials work involves studies of corro¬ 
sion resistance, high-temperature 
mechanical and physical properties 
of metals and alloys, and fabrication 
techniques. 

Mechanical-testing work delves 
into design and supervision of test 
equipment to evaluate fatigue, wear, 
and elevated-temperature strength 
of materials. It also involves deter¬ 
mination of the influence of part 
design on these properties. 


In the field of chemistry, investi¬ 
gations are made of fuels, high-tem¬ 
perature lubricants, elastomeric 
compounds, electro-chemical and or¬ 
ganic coatings. Inorganic substances, 
too, must be prepared and their 
properties determined. 

While materials engineering as¬ 
signments, themselves, involve dif¬ 
ferent types of engineering talent, 
the field is only one of a broadly 
diversified engineering program at 
Pratt & Whitney Aircraft. That 
program — with other far-reaching 
activities in the fields of mechanical 
design, aerodynamics, combustion 
and instrumentation — spells out a 
gratifying future for many of to¬ 
day’s engineering students. 



The important effects of gases on the properties of 
metals have been increasingly recognized. Pratt & Whitney 
chemists are shown setting up apparatus to determine 
gas content of materials such as titanium alloys. 


P & W A engineer uses air jet to vibrate 
compressor blade at its natural frequency, 
measuring amplitude with a cathetometer. Simi¬ 
lar fatigue tests use electromagnetic excitation. 


Engineer measures residual stress in a com¬ 
pressor blade non-destructively, using X-ray 
diffraction- Stress analysis plays important part 
in developing advanced aircraft engine designs. 



World’s foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 

Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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Architect’s drawing of Caltech’s new Archibald B. } oung Health Center 


THE MONTH AT CALTECH 


Health Center 

Construction on Caltech’s new Archibald B. Young 
Health Center gets under way this month, arid the 
$200,000 unit should he ready for use by next fall. 
Located at 1239 Arden Road, the center will be adjacent 
to Tournament Park, and just south of Arden House, the 
residence of the Master of Student Houses. 

Plans by Pereira & Luekman, Institute architects, call 
for a T-shaped building, with four two-bed wards and 
two isolation wards across the fop of the T; and a kit- 
cherij X-raV, physiotherapy and waiting rooms, two doc¬ 
tors' offices, three treatment rooms and a psychiatrist’s 
office it) the remainder of the building. There will also 
be a large lounge arid Convalescent room. 

The building will be residential in character, to blend 
in with the surrounding architecture. It is named for 
the late Pasadena attorney and philanthropist who was 
first vice president of the Institute Associates at the 
tittle of his death in 1955. 

Ben R, Meyer 

Ben !!. Meyer. rhairmnn of the hoard of the Union 
Hank arid Trust Company, and a member of the Caltech 
hoard of trustees, died on March ft in Sari Francisco, 
Mr. Meyer, who was 77 years old. suffered a stroke 
while in Sari Francisco, the city of his birth, to attend 
a meeting of the directorate of the Pacific Lighting 
Corporation. 

A resident of Los Angeles for more than ftO years. Mr. 
Meyer was originally in the wool trading business with 
K. Cohn & Company, His client? permitted their excess 
funds to accumulate with his company as a depository, 
to the extent that flttrrllv, *r 1.91.4, ne and Raspare Cohn 
founded the FCaspare Cohn Commercial and Savings 
P»ank. He was vice president and director of the small 


bank, which eventually grew to become the Union Bank 
and Trust Company. 77th largest hank in the nation. 

Known as “Uncle BerC to his business associates, Mr. 
Meyer maintained a steady interest in civic, community 
and philanthropic affairs. At the time of his death, he 
was trustee of the Cedars of Lebanon Hospital and 
former president of the hoard there. For many years lie 
was treasurer of the Community Chest of Los Angeles, 
and he was an honorary life trustee arid treasurer of the 
Southern California Symphony Association. His associ¬ 
ation with Caltech began when he became a trustee in 
1929, and his was one of the longest periods of service 
on the hoard, 

Mr. Meyer is survived hv his widow, Mrs. Ray Meyer, 
daughter of the late Kaspare Cohn, 

Honors and Awards 

Robert L. D.ircHERfv. emeritus professor of mech¬ 
anical engineering, has been appointed to serve an addi¬ 
tional throe-year leim on I he Fns Angeles ( ouritv A ii 
Pollution Hearing Board. 

Alexander Goetz, associate professor of physics, has 
been appointed scientific consultant to the [os Angrh : 
Air Pollution Control District, His investigations of air¬ 
borne particulate matter represent a new line of inquiry 
for the District. 

Linus Pauling, chairman of the chemistry division, 
has been made art honorary number of the American 
Association of Clinical Chemists. 

Alfred Stern, associate professor of languages and 
philosophy, has been invited by the University of Paris 
to teach a course in philosophy (“The Philosophy of 
History and the Problem of Values”! at the Sorbonrie 
during the coming spring term. 
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Ideas grow and grow at 


V 


UNI* 


i m m 



Last year, approximately one third of Union Carbide's 
total sales were of products not available 15 years ago. 
For the past 25 years, the Corporation has averaged one 
new product a month. ,\ow it is introducing them at the 
rate of two a month. 


UCC DIVISIONS INCLUDE: 

Bakelite Company 

Carbide and Carbon Chemicals Company 
Electro Metallurgical Company 
Haynes Stellite Company 
Unde Air Products Company 
National Carbon Company 
Silicones Division 

Union Carbide Nuclear Company 


Ideas born in Union Carbide Laboratories grow 
... from exploratory and fundamental research to 
applied research and product and process develop¬ 
ment . . . through pilot plants to production to sales. 
In all these fields the Divisions of Union Carbide 
need engineers, chemists, physicists, and business 
and liberal arts majors. For more inlonnaliou write 
Co-ordinator of College Recruiting. 

Union Carbide 

AND CARBON CORPORATION 
30 Last 42nd St. New York 17, N. Y. 


MARCH, 1957 


35 




E.E. and M.E. Seniors! 



Under the -hp-"honors co-op" 
plan, you may earn your Master’s 
degree at Stanford - while 
drawing full pay as a Hewlett- 
Packard engineer. 



You get free time off for classes; 
yet qualify fully for -hp-’s liberal 
pension, insurance and vacations 
plans, and fringe benefits. You 
establish your career in northern 
California’s dynamic electronics 
center.* You have an assured 
future with the world’s largest 
manufacturer of electronic 
test equipment; you work on 
instrument development, systems, 
the whole world of electronics. 

Only a limited nuhriber of the 
top graduating seniors can take 
advantage of this plan. Don't 
delay! Write for full information, 



Housing is no problem in smart, sub¬ 
urban Paio Alto. Attractive homes are 
available to rent or buy In all price 
brackets. 


Your full-pay job at Hewlett-Packard 
lets you earn your 
Master's degree at Stanford? 


addressing Dr. Bernard M. 
Oliver at -hp-. Dept. A, 

*Movlng allowance, of course 


HEWLETT-PACKARD COMPANY 

275 Page Mill Road » Polo Alto, CdIifotnla>"U»S,'A;' 
Field engineers in all principal areas 

Cable "HEWPACK" • pAvenport 5-4451 


Earn your Master's in Stanford's 
fpmed Electrical Engineering 
school, headed by Dr. Frederick 
Terman. 


worn m trie unra-moueni -np- 
developrhent laboratory artd 
plant near the Stanford campus. 
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Pocket-size pound of pleasure! 


New RCA Transistor Radio 


Drop a gentle hint (like enclosing this 
ad in your next letter home ), and come 
graduation time you could be getting 
this amazingly ingenious radio. 

It’s a new RCA Victor Transistor Six, 
and this one you can really take along 
anywhere. It’s smaller and lighter than 
the average textbook — and lots more 
fun. 

You can carry it easily in pocket or 
purse. It weighs a mere 16 ounces, 
yet delivers a roomful of sound any* 
time you wish. 

The RCA Victor Transistor Six is bat¬ 
tery-powered and uses six long-lasting 


transistors. The cabinet is long-lasting, 
too. It’s the fabulous, guaranteed non- 
breakable “impac” case. Cabinet colors 
include antique white, charcoal and 
spruce green. 

And note the price—now just $49.95! 

This beautiful little bargain is typical 
of the extra value engineered into every 
product of RCA. For, almost without 
exception, these achievements in elec¬ 
tronics begin at the David Sarnoff Re¬ 
search Center in Princeton, New Jersey. 
Here the scientists and engineers of 
RCA continually seek—and very often 
find—practical and dramatic new ways 


to bring you ever-better “Electronics 
for Living. rm»(s)@ 


Where to, Mr. Engineer? 

RCA offers careers in research, de¬ 
velopment, design and manufactur¬ 
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Hakliseh, Manager, 
College Relations, Radio Corpora¬ 
tion of America, Camden 2, N. J. 


RADIO CORPORATION OF AMERICA 

Electronics for Living 
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ALUMNI NEWS 

Board Nominations 

rpiIE BOARD OF DIRECTORS of the Alumni Asso- 
X ciation met as a nominating Committee on Feb¬ 
ruary 26, 1957, in accordance with Section 5,01 of the 
By-Laws. Five vacancies will occur on the Board at the 
end of the fiscal year, one vacancy to he filled from 
the present Board and four members to he elected hv 
the Association. Present members of the Board and the 
years in which their terms of office expire are: 

Robert H. Bungay ’30 1957 Richard FI. Jahns '35 1957 

W. R. Donahue, Jr. '34 1957 Chester Lindsay 35 1958 

John R. Fee 51 1958 W. F. Nash, Jr. ’38 1957 

E. P. Fleischer ’43 1958 John E. Osborn ’39 1958 


Richaid W. Stenzel '21 1957 

The following nominations have been made by the 
committee: 

President—Willis R. Donahue, Jr. ’34 (.1 year) 

Vice President—Edward P. Fleischer "43 (1 year) 

Secretary—Donald S. Clark '29 (1 year) 

Treasurer—George B. Holmes '38 (1 year) 

Director—Frank C. Bumb '51 (2 years) 

Director—L. Fort Etter ’34 (2 years) 

Director—John E. Fleming '46 (2 years) 

Director—Nick T. tJgriri ’34 (2 years) 


Section 5.01 of the By-Laws provides that the mem¬ 
bership may make additional nominations for the four 
(4) Directors by petition, signed by at least twenty-five 
I 25 i members in good standing provided that the peti¬ 
tion is received by the Secretary not later than April 15. 
fn accordance with Section 5.02 of the By-Laws, if 
further nominations are not received by April 15, the 
Secretary casts a unanimous ballot for the members 
nominated by the Board. Otherwise a letter ballot is 
required. 

Statements about the four Directors who have been 
nominated are presented below. 

—Donald S. ( lark. Secretary 


1 if v v k C, Bi \ir received his 
BS in mechanical engineer¬ 
ing in 1951 and returned to 
Caltech for his MS in 1052. 
He then joined the Consoli¬ 
dated Electrodynamics Cor¬ 
poration in Pasadena a a art 
assistant engineer. Just re¬ 
cently he wets named super¬ 
visor of the company’s elec¬ 
tromechanical group. His 
.professional activities in¬ 
clude active participation in 
the American Society of Mechanical Engineering, Sigma 
XL and Fan Beta, Pi. He has served the alumni by 
working oil the Seminar Day Committee in 1955. and. 
this year, as Alumni Program Chairman. 
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L. Fort Etter received his 
BS in mechanical engineer¬ 
ing in 1931 and his MS in 
1935. lie went to work for 
the Santa Fe Railway as an 
engineer in the engineering 
test department and, after 
four years, joined Preco In¬ 
corporated in Los Angeles. 
He is currently vice presi¬ 
dent of operations for this 
company, which produces 
specialty products in the 
road machinery, rail equipment and electronic fields. 
This year he is serving as chairman of Alumni Seminar 
Day. 


John Eaton Fleming re¬ 
ceived his BS in mechanical 
engineering in 1946 and fol¬ 
lowed this degree with an 
MBA in production manage¬ 
ment at Stanford in 1948. 
He then became administra¬ 
tive assistant for the Gen¬ 
eral Tire and Rubber Com¬ 
pany of California. In 1950 
he joined the Clary Corpor¬ 
ation in Safi Gabriel as pro¬ 
duction control supervisor, 
and last year he was appointed supervisor of financial 
planning. He has served the alumni as permanent secre¬ 
tary of the class of 1946. as a member of the 1954 
Seminar Day Committee, and as chairman of the Picnic 
Committee in 1956 


NrcK T. f t:riv received his 
BS iri mechanical engineer¬ 
ing in 1934 and went to 
work in the control labora- 
torv of the Los Angeles Re¬ 
finery of the Union Oil 
Cornparn. He spent one 
vear in the manufacturing 
department in various job 
categories and then transfer¬ 
red to the pipeline depart- 
merit. During World War I) 
he spent three, years in the 
Navv. most of the time at «laff headquarters in Sari 
Francisco, coordinating shipments of pel i oleum products 
for advance base movements arid other military require¬ 
ments in the Pacific. In 1953 he became assistant man¬ 
ager of the transportation arid distribution department 
of Union Oil and he i« now manager of the department. 

CONTINUED ON PAGE 42 
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How to make the most 
of your engineering career 

ONE OF A SERIES 
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This, by no coincidence at all, is another 
area in which Boeing can be of real help to 
you. Boeing backs its engineers with one of 
the most extensive arrays of research 
laboratories in the industry. In addition, 
electronic computing and data processing 
equipment gets you the answers you want— 
fast. So do such facilities as the huge Boeing 
Flight Test Center. And the Boeing wind 
tunnel, most complete and versatile privately 
owned tunnel in America. This outstanding 
facility, capable of velocities up to Mach 4, is 
at the full-time disposal of Boeing engineers. 
It has enabled Boeing to gain more wind 
tunnel time in the field of jet aircraft 
than any other company. 

These facilities help Boeing engineers 
maintain leadership in advanced fields of 
flight. They help Boeing research engineers 
and scientists extend the boundaries of 
knowledge in many fields. They could 
help you get ahead. 

At Boeing you’d enjoy many other 
advantages; a high starting salary, career 
stability, a liberal retirement plan and 
company-paid graduate study programs. 

There are family advantages too; a choice 
of three sections of the country, each with 
excellent housing and schools, sh6pping 
centers and abundant recreation 
facilities for the whole family! 


NO W is the time to start planning ahead. 
Consult your Placement Office , or write: 

JOHN C. SANDERS, 

Engineering Personnel Administrator, 

Boeing Airplane Co., Seattle 24, Washington 

FRED B. WALLACE, 

Chief Personnel Engineer, 

Boeing Airplane Co., Wichita 1, Kansas 


Seattle, Washington Wichita, Kansas Melbourne, Florida 
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We’re going to build a proposition which we believe 
deserves your most serious consideration, if you are a me¬ 
chanical or electrical engineer. This proposition is built 
on pure and simple fact—no high flown promises or broad 
generalities. Our proposition: you and Collins should get 
together. We present these facts to support it. 

FACT NUMBER 1: 

Collins Radio Company’s sales have increased 10 fold in 
each of three successive seven year periods. 1933 sales were 
$100,000; 1940 sales, $1,000,000; 1947 sales, $10,000,000; 
1954 sales, $100,000,000, and 1956 sales, $126,000,000. (Note 
graph.) This company has grown, and is growing at a phe¬ 
nomenal rate. Total employment is 9,000 of which 24% 
are research and development personnel. 

You grow when the company you work for grows. 

FACT NUMBER 2: 

As shown in the graph at right, the employment of research 

and development personnel has increased steadily despite 
fluctuation in sales. Notice that even during periods of 
national sales regression Collins continued to strengthen 
its engineering staff. 

Collins has based its growth on the solid foundation of 
stability in the engineering department. 

FACT NUMBER S? 

At Collins, the ratio of engineers to total employees is 
extremely high, far higher than the average among estab¬ 
lished companies engaged in both development and pro¬ 
duction, First and foremost, Collins is an engineering 
company. 

Engineering is king at Collins—never takes a back seat 
to production expediency, 

FACT NUMBER 4: 

Collins’ reputation for quality of product is universally 
recognized. It has led to Collins’ phenomenal sales record. 
At Collins there is no compromise when quality is at stake. 
If you’re the man we want, you’ll get real satisfaction 
out of this quality-consciousness. 


FACT NUMBER 5: 

Electronics is Collins’ only interest. In no way is it sub¬ 
sidiary to the manufacture of industrial or consumer prod¬ 
ucts. Collins builds electronic equipment, not airplanes or 
vacuum cleaners. Every research, development and pro¬ 
duction facility is devoted to progress in electronics. 

If electronics is your interest, you’ll like the climate at 
Collins. 

FACT NUMBER 6: 

There is a limitless variety of fields and types of work for 
the Collins engineer. Recent Collins work in air and ground 
communication, and aviation electronics include develop¬ 
ments in transhorizon “scatter” propagation; single side¬ 
band; microwave and multiplex systems; aircraft proximity 
warning indicator; aviation navigation, communication and 
flight control; broadcast; and amateur equipment. 

There is big opportunity for your special talents. 

Right now we are prepared to offer you a technical or 
supervisory assignment in one of many interesting fields, 
And the sky is the limit as far as responsibility and salary 
are concerned. 

You will work in one of Collins’ new research and develop¬ 
ment laboratories located at Cedar Rapids, Iowa; Dallas, 
Texas; and Burbank, California, Offices and subsidiary 
companies are located in New York; Washington, D. C.; 
Miami; Knoxville; Seattle; Hickman Mills, Missouri; 
Toronto, Canada; London, England; and South America. 
All your moving expenses are paid. Company benefits are 
tops in the industry. 

We repeat—if you are a mechanical or electrical engineer, 
you and Collins should get together. Take the first step 
now, for more information, write: 

L. R, Nuss Fred Aiken Harold McDaniel 

Collins Radio Co. Collins Radio Co. Collins Radio Co. 

Cedar Rapids, 2700 W. Olive Ave. 1930 Hi-Line Drive 

Iowa Burbank, California Dallas, Texas 
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This graph shows the relationship between sales and employment Collins new research laboratory building at Cedar Rapids, Iowa, 

of engineering personnel at Collins. Notice the steady increase in Air-conditioned, shielded against radio waves, completely equipped, 

research and development employment despite sales fluctuations. 
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Alumni News . . . continued 

Disneyland Picnic 

The Anni w Alumni Picnic will be held on Saturday. 
June 29. at Disneyland. A special area for the use of 
alumni will be set apart, with separate parking and 
entrance to the park. Caltech alumni will be one of the 
first groups to use the new picnic and play area now 
under construction, which will include tables, a base¬ 
ball diamond, sand play area for the smaller children, 
and refreshment stands. Normal group prices will he 
charged—adults, $3.00; children from 12 to 17, $2.50; 
from 3 to 12. $2.00: and children under free. Get a 
group together! Plan now to attend! 

— If illiam Freed . chirrmer 

General Hans Kramer 

General Hans Kramer, professor of military science 
and tactics at Caltech from 1920 to 1921. died at Letter- 
man General Hospital in San Francisco on February 15. 
Born in Madgeburg. Germany, in 1894. General Kramer 
attended the University of Michigan and in 1918 gradu¬ 
ated from West Point. In 1932 he received his PhD in 
engineering from the University of Dresden in Germany. 
After his retirement from the U. S. Army in 1945, he 


entered business as a consulting engineer in San Fran¬ 
cisco arid was very active in Caltech s alutijiii chapter 
in that city. He had just been appointed consultant on 
the Feather River Project when he died. 

1957 Directory 

A new Caltech Alumni Directory has just come off 
the press and copies should reach all paid-up alumni 
hv the end of this month. The new directory lists all 
names alphabetical I y, with home and business addresses, 
degrees and options—and contains a geographical list¬ 
ing as well. Richard Stenzel. ‘21. MS "30, was in charge 
of preparing the directory. 

Among the Missing 

The Alumni Association is attempting to complete 
its file of Caltech publications and is still missing many 
early issues of the school s annuals. Has anyone got 
copies of the following publications which they would 
he willing to send to the Association? 

1890 through 1912 —The Polytechnic 
1913 through 1920 The Throop Tech 
1926 and 1927 —The Big T 
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Let Ceslmee Manufaefurirtg Company 
Worry About 

Your Metal Parts and Products 

We have the most modern facilities and most 
complete plant to give you the maximum of 
service, whether it is a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 

CALMEC MANUFACTURING CO, 

Robert A. McIntyre. M.S. ’38 Kimball 6204 

5825 District Blvd. Los Angeles 22. Calif. 
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AiResearch two stage lightweight gas turbine 
compressor provides pneumatic power for aircraft main 
engine starting and serves as auxiliary power source 
for a variety of ground and in-flight services. 


9851 S. SEPULVEDA BLVD.. LOS ANGELES 4$, CALIFORNIA 

DIVISIONS: AIRESEARCH MANUFACTURING. LOS ANGELES • AIRESEARCH MANUFACTURING, PHOENIX • AIRSUPPLY 
AIRESEARCH INDUSTRIAL • REX * AERO ENGINEERING » AIR CRUISERS • AIRESEARCH AVIATION SERVICE 

MARCH, 1957 43 


The rapid scientific advance of our 
modern civilization is the result of 
new ideas from creative minds that 
are focused on the future. Our engi¬ 
neers not only have ideas but have 
the ability to engineer them into 
products. 

That’s why The Garrett Corpora¬ 
tion has grown in both size and 
reputation to leadership in its areas 
of operation. That’s why we are seek¬ 
ing more creative engineers to help 


us maintain and extend our leader¬ 
ship. If you fall in that category, 
you’ll find working with us fulfilling 
in stimulation, achievement and 
financial rewards. In addition, finan¬ 
cial assistance and encouragement 
will help you continue your educa¬ 
tion in the graduate schools of fine 
neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig¬ 


eration systems, pneumatic valves 
and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec¬ 
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe¬ 
rience today to: Mr. G. D. Bradley 












CRESCENT 

HYVOLT SHIELDED POWER CABLE 


D SCI 


::: engineering careers 


CRESCENT HYVOLT insulation is made from butyl rubber which is inherently resistant to 
ozone, heat, moisture and aging with excellent electrical characteristics. For 5000 Volt 
or higher service, HYVOLT cables are provided with shielding to protect them from surface 
burning, corona, and lightning surges. 


TRENTON, N. J. 


THE INDUSTRY 

The automatic temperature, humidity and air conditioning 
control field is One bf today’s leading growth industries. 
Continued rapid expansion in the years ahead is inevitable 
in this age of air conditioned buildings and mounting con¬ 
struction activity. That means abundant opportunity for 
you to grow —and prosper, too! 

THE WORK 

For graduates in any branch of engineering, with or without 
experience, Johnson has immediate openings in sales engi¬ 
neering, product design and development, research, produc¬ 
tion and application engineering. AH involve assignments of 
responsibility and offer unlimited possibilities for personal 
development and advancement. 

Strictly an engineer’s company, we deal entirely with in¬ 
dividually designed control systems. You’ll find yourself 
working with the nation’s top architects, consulting engi¬ 
neers, contractors and building owners. 

THE COMPANY 

Johnson established the automatic temperature control in¬ 
dustry when we developed the room thermostat over 70 
years ago. Johnson is the only nationwide organization 
devoted exclusively to planning, manufacturing and instal¬ 
ling automatic temperature and air conditioning control 
systems. 


As the industry’s specialists, with 100 fully staffed branch 
offices, we’ve done the control systems for most of the 
nation's better buildings —skyscrapers, schools, industrial 
plants, hotels, hospitals and other large buildings. The 
work is diversified, exacting, with plenty of challonge for 
your engineering ability. 

THE REWARDS 

At Johnson, you’ll be able to realize. yOUi* ftlll potential as 
an engineer, in the work of your choice. You’ll enjoy ready 
recognition of your accomplishments. Your work will be 
sufficiently important for you to retain your identity as an 
individual always. Salaries, insurance, pension plan and 
other company-paid benefits are attractive. 

Our "Job Opportunities Booklet" contains details of our operation and 
shows where you'd fit in. For your copy, write J. H. Mason, Johnson 
Service Company, Milwaukee 1, Wisconsin. 


JOHNSON | CONTROL 

SI M C E Id 18 8 5 

PLANNING « MANUFACTURING » INSTALLING 


Here’s Your Opportunity for Long-Term Success 
in the Fast-Growing Automatic Control Industry 














More graduate engineers 
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industry 


,. the nation’s sixth largest 


The Gas industry—the sixth largest in the nation 
—has a total investment of over $15 billion. Last 
year the industry set a new all-time record in 
number ol ni.iioineis, volume of gas sold, and 
dollar revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as compared 
with 11.3% in 1940. The Gas industry is a major 
force in the growth development and economic 
health of this country, 

Joseph J. Drechseer 

B.S. in Mechanical Engineering, 1948, Johns Hopkins University 


There are many opportunities for you in the: Gas 
industry. The industry needs engineers, and does 
not overhire. You won’t be regimented. There’s 
always room for advancement. With utility com¬ 
panies and with manufacturers of Gas equipment, 
there’s a future for you as an engineer. Call your 
nearest Gas Utility. They’ll be glad to talk with 
you about your opportunity in the Gas industry. 
American Gas Association. 

Robert K. Von Der Lohe 

B.E. in Industrial Engineering, 1948, University of Southern California 


Joe Drechsler, after 8 years with Baltimore Gas and In just 6/2 years with Southern Counties Gas Company of 

Electric Company, is now Assistant Superintendent in a California, Robert K. Von Der Lohe has become Manager 

department with over 450 employees of Commercial and Industrial Sales 


After completing the company's Student Engineering Training Pro¬ 
gram, Joe spent one year in the Gas and Steam Testing Laboratory. 
He was then promoted through various levels of engineering and 
supervisory assignments, to his present job of Assistant Superin¬ 
tendent on April 1, 1956. This department has over 450 employees 
and is responsible for the installation and servicing of industrial, 
commercial and domestic gas appliances on customers’ property, and 
the installation and servicing of gas and steam metering and pressure 
recording equipment. 


After two years with a construction engineering firm, Bob Von Der 
Lohe joined the gas company and began his steady climb to his cur¬ 
rent position. Starting as an assistant technician in 1950, Bob has 
moved up through the jobs of industrial sales engineer and staff 
representative-industrial sales, to his present post as Manager, 
Commercial and Industrial Sales. Bob does more than “sell in¬ 
dustries and commercial operations on the use of gas. He also super¬ 
vises a staff which advises restaurant and hotel owners on ways to 
improve their gas operations and over-all productive efficiency. 


MARCH, 1957 










another example of exciting work at los alamos... 

BREAKING PROBLEM BARRIERS 
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Mathematical sup¬ 
port for many of 
the Laboratory’s 
programs is given 
by the Theoretical 
Division, which 
also pursues its 
own investigations 
in hydrodynamics, 
magnetohydro¬ 
dynamics, com¬ 
puter theory and 
design, and other 
fields. The vast 
amount of com¬ 
putation involved 
has brought about 
the creation at 
Los Alamos of 
the largest known 
computing center 
devoted exclusively 
to scientific work. 



The linearized Boltzmann equation shown above 
describes the transport of neutrons in a slab. Its 
mathematical structure was first completely worked 
out at Los Alamos. Many fundamental studies in 
disciplines, ranging from pure mathematics through 
biology, have been published by scientists at the 
Laboratory. 

The Laboratory is entering a new phase of scientific 
sndcavot. Pioneering activities in the unexplored 
realms of nuclear power, nuclear rocket engines, and 
controlled thermonuclear power have been added to 
its weapons program; experiments are being planned 
and carried out at pressures and temperatures far 
be;, or.si say previously created by man. These activ¬ 
ities exemplify the imaginative approach by which 
the 1 aboratory maintains its pre-eminence in scien¬ 
tific achievement. 



los '-alamos 

scientific laboratory 
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OF THE UNIVERSITY OF CALIFORNIA 

LOS ALAMOS, NEW MEXICO 


PERSONALS 

1925 

Earl l). Stewart has been appointed as¬ 
sociate .technical director of Schwarz Lab¬ 
oratories, Inc. in Mount Vernon. N.Y. 
He was formerly chief chemist of the 
company. 

1930 

Roland E. H odder has moved from Den¬ 
ver. Colorado, to Tulsa, Oklahoma, where 
he is now staff geologist in the foreign 
department of the Stanolind Oil and Gas 
Company. His daughter is a sophomore at 
Stanford and his son a sophomore in high 
school. 

Edward E. Kinney. MS , retired from 
Michigan State College in East Lansing 
last December, after 36 years of service. He 
served on the faculty for 24 years as an 
instructor in electrical engineering, and 
since DM4 had been superintendent of 
building- and utilities. Ed writes that 19 
members of the Kinney family have at¬ 
tended MSI! — including his Min and 
daughter. 

A athan D. II hitman. Jr.. MS ‘32, con¬ 
sulting engineer in Pasadena, writes that 
heV moved from San Marino to Arcadia, 
mainly to provide room for four cars and 
one hor-e. He was elected president of 
the Los Angeles section of the ASCE for 
1957—and he did the structural design on 
Pasadena's Rosemead-Foothill Shopping 
Center, which was completed last year. 

1931 

Carl E. J. Overhage , MS ’34, PhD ’37, 
lias just been appointed director of MTTs 
Lincoln Laboratory in Lexington, Massa¬ 
chusetts. lb* was formerly head of the 
aircraft control and warning division at 
Lincoln, 


1932 

Henry R. Pownall is now president of 
the Velda Corporation in Miami, Florida, 
and also president of Freezing Equipment 
Sab'-. Inc., in York. Pennsylvania. 

1934 

Kenneth A. Willard , MS, MS *35, has 
beat made coordinator of the Southern 
California Industrial Research Center at 
USCs School of Engineering. In this 
capacity, he will establish and maintain 
liaison with industry in the fields of 
coojierative educational programs, access 
by industry to the University’s facilities, 
industrial student training, and secondary 
school guidance service. A mechanical en¬ 
gineer. pilot, and meteorologist, Ken’s spe¬ 
cial hobby these days is building and 
flying radio-controlled model airplanes. 

1938 

John L. Merriam writes from Jeddah, 
in Saudi Arabia, where he has been sta- 
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► farming forests 

► chromyl chloride 

► aluminum chloride 



Farming Forests 

As Joyce Kilmer put it, “Only God 

can make a tree,” but we are not im¬ 
modest in saying that now science can 
make it grow better and faster. 

This is the revolutionary concept of 
silviculture: treating a tree as a crop 
—for its cellulose content. Its purpose 
is to make available more and cheaper 
pulp and paper products. 

Forestry has long been held back by 
tlie concept that a tree will grow, if it 
just has enough water. For years we 
have practiced extractive forestry by 
cutting down our natural, virgin for¬ 
ests for wood products. When this area 
is restocked, or when it is farmed and 
then returned to the growing of trees, 
the growth is inferior, because plant 
foods — nitrogen, phosphorous, potas¬ 
sium — have been lost from the soil. 

The solution to this problem is sim¬ 
ply putting food back into the soil, but 
most foresters have felt that giving 
trees nutrients is generally impractical. 

To determine exactly how practical 
it is to fertilize trees, Allied Chemical’s 
Nitrogen Division sponsored a five- 
year study at North Carolina State 
College. This pioneering work, just 
being completed, indicates beneficial 
effects of plant food on Loblolly pine. 

Other recent studies have revealed 
that fertilization produces a 40 to 65% 
increase in tree growth, cutting years 
off the growing cycle of pulp wood. 
By speeding a tree’s growing time, the 
forester gets a faster turnover of capi¬ 
tal and shortens the time the tree is 
exposed to danger from fires or pests. 

Growth is the most dramatic indi¬ 
cator of forest fertilization. But there 


are many more advantages: an increase 
in ?ap and nut production, and in the 
quality and quantity of seeds; a healthier 
tree, better able to stave off fungus 
and pest attacks; a better root system 
and thicker foliage, making the tree 
more efficient. 

Aerial fertilization is an important 
economy, for dusting planes can “feed” 
hundreds of trees in a day. 

What is believed to be the first aerial 
application of a complete fertilizer to a 
forest recently took place at Rutgers 
University Dairy Researcli Farm at 
Beemerville, N. J. The test, on an 11- 
acre stand of red pine, was by Rutgers’ 
Forestry Department and Allied’s 
Nitrogen Division. 

Fertilizers currently being used in 
forest studies are Arcadian 12-12-12 
—a balanced, granular (nitrogen-phos¬ 
phorous-potash) combination, Arca¬ 
dian Urea 45 — a high analysis, pel¬ 
leted, 45% nitrogen fertilizer, and 
Arcadian nitrogen solutions. 

In conjunction with its field studies, 
Nitrogen Division is also sponsoring 
the first world-wide bibliography of 
forest fertilization with a grant at the 
College of Forestry of New York 
University at Syracuse. 

This definitive work contains over 
600 references, and the important point 
is that most of them relate studies 
which show a favorable response to 
forest fertilization. The Allied Chem¬ 
ical-New York University bibliography 
demonstrates that it is technically feas¬ 
ible to fertilize our forests. The Allied 
Chemical-North Carolina test demon¬ 
strates that it is economically feasible. 
Aucadian and Solvay are Allied Chemical trademarks 


Chromyl Chloride 

A new chromium chemical—with many 
unique properties—has been developed 
in a high grade of purity by Allied's 
Mutual Chemical Division. 

Chromyl chloride (CrOa Cla) is a 
volatile liquid, characterized by its 
cherry-red color, soluble in carbon 
tetrachloride and similar solvents. In 
undiluted form it: is a strong oxidizing 
and chlorinating agent, reacting so vig¬ 
orously with many substances as to 
cause ignition. 

In suitable solvents, many controllable 
and selective reactions may be carried 
out between organic materials and 
chromyl chloride. It is a starting mate¬ 
rial for making chromium organic com¬ 
pounds, some of which have unique and 
useful properties as surface coatings 
and bonding materials. 

Until recently, the researcher need¬ 
ing chromyl chloride was required to 
prepare it himself. Mutual Chemical 
lias since put this interesting chemical 
in pilot plant production. 

Aluminum Chloride 

We can only suggest the variety of uses 
to which aluminum chloride (Aids) 
can be put. It is, for example, a cata¬ 
lyst in chemical synthesis; it promotes 
reactions in the production of dyestuffs 
and intermediates, insecticides and 
pharmaceuticals; most recently, it is 
finding use for the first time in alumi¬ 
num plating. 

The older and perhaps more often 
thought of application is in the Friedel- 
Crafts reaction. Solvay anhydrous 
aluminum chloride is produced as a 
high quality crystalline solid and is 
shipped in a variety of granulations. 

Creative Research 

These examples of product de¬ 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor¬ 
tunities. Allied divisions offer 
rewarding careers in many dif¬ 
ferent areas of chemical research 
and development. 

ALLIED CHEMICAL 

61 Broadway, New York 6, N. Y; 
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8th CENTURY 

this “condensation pump’’ was a real innovation 


& eveloped by Thomas Savery in 1698. this water 
raising engine operated as follows: steam admitted to 
vessel “A” displaced water in the vessel, forcing it up 
through check valve “B.” Then a stream of water 
was poured over the outside of vessel “A" causing 
the steam within to condense. The resulting “vac¬ 
uum” drew water up through check valve “D.” again 
partially filling the vessel. This cycle was repeated 
alternately in two vessels — resulting in a crude con¬ 
denser-operated pump. 




TODAY 


it’s the l-R rectangular condenser 



Ingeraoll-Raitd 

11 Broadway, New York 4, N.Y. 


COMPRESSORS • BLOWERS • GAS £ DIESEL ENGINES -PUMPS • VACUUM EQUIPMENT 
AIR & ELECTRIC TOOLS * MINING & CONSTRUCTION EQUIPMENT 

u-m 
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that’s setting the standards 
of performance in modern 
steam power plants 


I-R Surface Condensers are a 
vital adjunct to modern, high- 
pressure steam turbines. Ingersoll- 
Rand research and engineering 
over the years have steadily in¬ 
creased condenser efficiency per 
cubic foot of space, effecting econ¬ 
omies in installation cost and sta¬ 
tion construction. 

Tlie forward looking twin shell 
condenser at the left, integrated 
with a 191,000 KW turbine, marks 
another important advance in con¬ 
denser design by Ingersoll-Rand. 

If you're interested in a profit¬ 
able, progressive career in engi¬ 
neering look into the job opportu¬ 
nities available at Ingersoll-Rand. 
For further information, contact 
yoUr placement office or write to 
Ingersoll-Rand. 
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Engineering? Or IMAGINEERING? 


Many capable engineers are perfectly 
content to go through life doing routine 
jobs over and over again. Frankly, such 
engineers wouldn’t be interested in 
Sperry—and Sperry wouldn’t be inter¬ 
ested in them! 

* Engineering, at Sperry, requires a 
combination of fine technical training 
plus imagination — the desire to help 
solve anticipated problems of the future 
and pioneer in new methods and devel¬ 
opments. You can see the results of 
such "imagineering” in the impressive 
list of Sperry "firsts” in such exciting 
fields as missiles, inertial guidance, 
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radar, computers, microwaves and gun¬ 
fire control systems. 

■ A career with Sperry offers many 
advantages. Good pay, of course. The 
opportunity to participate in the really 
important developments of these criti¬ 
cal times—working with the acknowl¬ 
edged leaders in their fields. Y our choice 
of location at Sperry plants in Long 
Island, Florida, California, Virginia and 
Utah—close to excellent colleges where 
you can get advanced training with 
Sperry paying your full tuition. 

• Your Placement Office will (ell you 
the times when Sperry representatives 


will visit your school. In the meantime, 
get more of the Sperry story by writing 
direct to J. W. Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

Sperry engineer tests hydraulic servo 
valves for high temperature service on 
jet engines. 


GYROSCOPE COMPANY 

Great Neck, New York 
Division of Sperry Rand Corporation 


BROOKLYN • CLEVELAND • NEW ORLEANS • LOS ANGELES • 
SEATTLE - SAN FRANCiSOO. IN CANADA: SPERRY GYROSCOPE 
COMPANY Or CANADA, LTD,, MONTREAL, QUEBEC 
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Personals . . . continued 


tioned for the past year: ‘'I’m within a 
couple of months of finishing my contract 
with the Ralph M. Parsons Engineering 
Company who sent me here as senior irri¬ 
gation engineer for the Ministry of Agri¬ 
culture. I took this job after 17 years 
with the Soil Conservation Service in 
Southern California. 

“Here in Saudi Arabia, our group of 
five specialists is starting a Division of 
Water Resources. It is a unique satisfac¬ 
tion to be the first one to do something 
. . . I’ve investigated several irrigation 
and drainage problems and have things 
about ready to go. It's a real disappoint¬ 
ment not to be able to follow them into 
construction but I have to be bark in 
the States by fall. With two children— 
daughter Elizabeth in junior high and 
son Sandy in high school—one year out 
is about the maximum. 

“They've been doing their work by 
correspondence, and doing very well with 
their mother’s guidance . . . but over here 
there is no one their age to play with, 
and social life gets pretty dull with just 
adults, even though life in Jeddah is 
rather exotic—with such things as the 
Red Sea to skin-dive in, and Moslem pil¬ 
grims to observe.” 

Howard ,S. Seifert, PhD, senior staff 
member of the Ramo-Wooldridge Corpora¬ 
tion in Los Angeles and former member 
of Caltech’s Jet Propulsion Laboratory, has 
been reappointed for the third year to the 
Subcommittee on Rocket Engines of the 
National Advisory Committee for Aero¬ 
nautics. 

] 1939 

Jose P. Ortiz, MS, is general director 
] of Public Works and Communications in 
j the state of Vera Cruz in Mexico. 

1940 

Douglas B. Nickerson has been appoint¬ 
ed chief engineer of Hydro-Aire. Inc., in 
| Burbank, California. He's in charge of the 
company’s 130-man engineering depart 
mrnt and will be responsible for all de¬ 
sign, research, and development aridities. 
Doug has been with Hydro iirr since 
February. 19, r >2. flu Nickersons and their 
three children live in Fliritridge. 

Harrison A, Storms. Jr.. PhD ”41, is now 
chief engineer of the Los Angeles division 
I of North American Aviation, Inc. Me was 
formerly manager of research and develop¬ 
ment. He’s been with the company since 
1911. The Storms live in Rolling Hills and 
have three children — Patricia. 14: Har¬ 
rison, 12: and Richard, 11. 

Joseph F. ManildL MS ’42, PhD ’44, 
was recently appointed associate director 
i of the Electronic Instrumentation Division 
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your first move 

CAN DECIDE THE GAME 

your first job 

CAN DECIDE YOUR FUTURE 


If you ore an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contact Motorola today. 

CHICAGO, ILL-; MR. L. 8 . WRENN, Dept CO., 4501 Augusta Blvd, 

Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 


PHOENIX, ARIZ.: 

RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 

SEMI-CONDUCTOR DIV.,V. SORENSON, Dept. CO., 5005 E. McDowell Rd. 

Outstanding opportunities in the development and production of Military 
equipment and Transistor products. 


RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 

This new modern research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Military equipment systems analysis and design. 


Contact your Placement Officer for further information, regarding interview 
date oh your campus or write to one of the above addresses* 


That important first job can start you off in 
the wrong direction —or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You’ll get security and good salary, but, more important, 
you’ll be working on projects with a future, like missile guid¬ 
ance, radar , and microwave. The door is wide open at Motorola, 
and the opportunity to fulfill your ambitions is yours. 











They can...if you start your 
Douglas career now! 

Douglas has many things to offer the career- 
minded engineer! 

...there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 


...there’s enough scope to the Douglas opera- and T ou ’ J1 be in both the income level and g eo " 

tion so a man can select the kind of work he g ra P hical location to en J°? life to its full. 


likes best! 

...there’s security in the company’s $2 Billion 
backlog of military and commercial contracts! 
...and there’s every prospect that in 10 years 
you’ll be where you want to be professionally, 


DOUGLAS 



Brochures and employment applications are 
available at your college placement office. 

For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, Calif, and Tulsa, Okla., write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 

C. C. LaVene, 3000 Ocean Park Blvd. 

Santa Monica, California 


First in Aviation 
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To a Young Man who 

wants “Room to Grow” 

If you’re a technical student looking for a special chemicals. The company is also active 

“career with a future,” you can make no in atomic energy and operates one of the 

wiser choice than the petroleum industry . .. government’s major reactor installations, 
especially the fast-growing new field of petm- Mail the coupon below for your copy of 
cheftiicals! Phillips Petroleum Company is a our booklet describing opportunities With 
leader in this field. Phillips. 

At Phillips you can choose a career in the 
field of work which interests you most . . . 
exploration, production, manufacturing or 
the distribution of many types of petroleum 
products. If your interests lie in petrochemi¬ 
cals, Phillips is engaged in research and pro¬ 
duction of plastics, synthetic rubber, carbon 
black, chemical fertilizers, rocket fuels and 


PHILLIPS PETROLEUM COMPANY 

Bartksvilhf Ok/ahoms 

ENGINEERING AND SCIENCE 



D. R. McKeithan 

Technical Employment Consultant 
: : Phillips Petroleum Company 
ip Bartlesville, Oklahoma 


Please send me your new booklet, “Career with o Future.” 


NUMBER and STREET. 


Is! Cirr.STATE. i 
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Personals 


CONTINUED 


of the Ramo-Wooldridg'e Corporation in 
Los Angeles. 

1942 

Alvin R. Piatt, project manager at Lib- 
rasc.ope, Inc., in Glendale, California, died 
on December 20, of leukemia. He had 
been ill for almost four years but had 
worked regularly at Librascope, where he 
had been employed since 1947. He is sur¬ 
vived by his wife, Glenria, and a son, 
Michael, 6. 

1944 

Joseph H. Chadwick. Jr., research en¬ 
gineer in the marine instruments engineer¬ 
ing department of the Sperry Engineer¬ 
ing Corp.’s marine division, received the 
Captain Joseph H. I.innard Prize at the 
annual banquet of the Society of Naval 
Architects and Marine Engineers on No¬ 
vember 16 in New York City. The prize 
was given for the best paper contributed 
to the society’s 1955 Transactions. 

Rudolph W. Hensel is now chief of the 
Propulsion Wind Tunnel at the USAF’s 
Arnold Engineering Development Center in 
Tullahoma, Tennessee. Prior to this, he 
served for six years as chief of the data 
analysis section of the Southern California 


Cooperative Wind Tunnel at Caltech. 

Philip B. Smith writes that “after six 
years at the University of Sao Paulo in 
Brazil, l am moving on. We have com¬ 
pleted a very good Van de Graaff acceler¬ 
ator which is beginning to produce some 
physics. My decision to leave is principally 
due to the realization that while it is 
possible to produce something here, the 
efficiency of production is at most 1 %. 
That does not mean that I have not learn¬ 
ed a great deal, however. What is worse 
is that, in the last few years, the Brazilian 
policy toward foreigners has become dis¬ 
tinctly unpleasant. It is now, since 1953, 
impossible for a foreigner to have a regu¬ 
lar job here (this does not refer to 
short time contracts) without revalidating 
all of his diplomas, from high school up. 
This means about five years wasted, in 
practice. 

“1 am leaving this month for Holland. 
There I will work for a year or so with 
Professor P. M. Endt in the State Univer¬ 
sity of Utrecht.” 

Howard If. C. Chang is now with the 
engineering division of the Rand Corpor¬ 
ation in Santa Monica. He was formerly 
with the General Electric Microwave Lab¬ 


oratory in Palo Alto. Howard is now the 
father of a 16-month old daughter, Cecily 
Chin-Yu. 

1946 

Robert ( . James, PhD. associate profes¬ 
sor of mathematics at Haverford College 
in Pennsylvania, has been. appointed pro¬ 
fessor and chairman of the mathematics 
department of the new Harvey Much) Col¬ 
lege, one of the Associated Colleges of 
Claremont, which will open next Septem¬ 
ber. Boh taiight at Harvard University 
and the University of California prior to 
joining the faculty of Haverford in 1951. 

1947 

Ernest Pritchard. MS, AeE "48, chief 
of the data analysis section of Caltech’s 
■Southern California Cooperative Wind 
Tunnel in Pasadena, announced the ar¬ 
rival of a son. Jott Clark, on Jlerember 12. 

1948 

Col. John I). Holm. MS, has been as¬ 
signed as acting Sixth United States Army 
Engineer at the Presidio in San Francisco. 
This new post gives John administrative 
responsibility for engineer activities in 

CONTINUED ON PAGE 58 


WANTED: 

Creative Mechanical Engineer 

to work with a long established pro¬ 
fessional engineer on the design of 
special machines and products. 

Lots of calculations, board work and 
checking. Excellent job for engineer 
who likes to work and improve his 
competence. Every fob is different 
and in a new field of private in¬ 
dustry. 

J. SCOTT CASSAWAY 

MECHANICAL ENGINEERS 

8320 Melrose Avenue 
Los Angeles 46, California 
OLive 3-3209 



A Catalog and Handbook 

you’ll want in school and 
in the field — 32 pages, 
fully illustrated. 


THE fUFKiN 


UJMNRUlttOWftNV 

»hhio»h 


RULE COMPANY 

SAGINAW, MICHIGAN 


CASE — FRAME — DRAG JAPES 
TAPE RULES 


MAIL COUPON TODAY 

THE LUFKIN RULE COMPANY • Saginaw, Michigan 


MEASURING TOOL, 
for ENGINEERS 
and CQNTRAGTORS 


Please send me FREE ’’Measuring Tools for Engineers and Contractors. 


NAME_ 

SCHOO L_ 

ADD* ESS_ 

Cl TY ____ STATE- 
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If YOU are graduating in Engineering 
or the Sciences, you owe it to yourself 
to investigate the career 
advantages of becoming a 


CONVAIR 


MISSILES 

■ W ■ ■ ■ mmm Bum 

MAN 



ADVANCED DEGREES 

can be earned while a full¬ 
time employee of convair- 
pomona. Salaries and benefits 
compare with the highest in 
private industry anywhere. 



PROMOTION FROM WITHIN 

assures you of continuing 
evaluation of capabilities and 
the swiftest possible advance¬ 
ment in this constantly 
expanding organization. 



PROFESSIONAL ENVIRONMENT 

convair-pomona is housed 
in the newest kind of air- 
conditioned plant. Research 
and Development facilities 
manned by “name” experts. 



CALIFORNIA LIVING 

close to mountains, desert, 
seashore. Modern homes with 
swimming pools are within 
easy price range. Year-round 
outdoor sports and recreation. 


CONVAIR-POMONA in Southern 
California is the first fully-integrated mis¬ 
sile plant in the U.S. Here the Navy’s 
terrier supersonic missile is designed and 
built. You, as a graduate engineer or science 
major, can build an outstanding career in 
electronics and missiles systems at convair- 
pomona. You will work with the most mod¬ 
ern electronic equipment known. Better 
yet, you will work with the kind of friendly, 
informed engineer-scientist groups that are 
pacing the advance into outer space. And 
you will live where the climate and oppor¬ 
tunities for spacious living and outdoor 
recreation are unsurpassed in America. 

SEND RESUME FOR COMPLETE 
INFORMATION TO: 

Engineering Personnel Dept. 4-M 


OV 

© 


CONVAIR 


GP 

eiiiA 


POMONA, CALIFORNIA 

A DIVISION OF GENERAL DYNAMICS CORPORATION 


........ 
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ENGINEERS / 

You are invited to join one of these expanding 
programs at Texas Instruments — where recogni¬ 
tion of individual achievement has contributed 
to its fifteenfold growth in the last ten years. 
Advanced personnel policies include company- 
sponsored educational assistance, profit sharing, 
insurance and pension plans. 


PHYSICISTS 

The TI plant is within Dallas, yet away from 
downtown traffic . . . within 5 minutes of fine 
residential areas, churches, and public arid pri¬ 
vate schools. Your home will be within 15 min¬ 
utes of year-around recreational, amusement, and 
cultural facilities. 


Produced in connection with the many investigation? 
into solid state physics and electrical phenomena 
being carried on by Texas Instruments Incorporated ... lead¬ 
ing manufacturer of semiconductor products... 26-year-old 
pioneer and leading supplier of geophysical exploration serv¬ 
ices ... currently engaged in design, development, and man¬ 
ufacture of electronic components, instruments, optics, and 
military apparatus — at a $44 million volume. 


SEMICONDUCTOR DEVICES 
AND OTHER COMPONENTS 
transistors • transistor circuits 
diodes • rectifiers 
transformers e resistors 
panel meters 
test equipment 
Address 

SEMICONDUCTOR-COMPONENTS 
replies to: 

Mr. William C. Spoiler 


ELECTRONIC AND ELECTRO¬ 
MECHANICAL APPARATUS 

radnr ■ sonar * infrared 
navigation * magnetics 
telemetering 
communications 
computers 

Address 

APPARATUS replies to: 

Mr. Robert E. Houston 


sG 



Texas Instruments 




1 Ty 


t M C O R P O 
6000 LEMMON AVENUE 


: A T E D 
DALLAS 9. TEXAS 
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Highlights of 
your future 
with Honey well 



Campus-like Honey util Research Center in Hopkins, Minneapolis suburb 


Preview your career 

with a summer internship 


“Honeywell is now 
interviewing students 
for its summer intern 
program. “ 

"We believe a man makes a much 
better choice in his career if his 
decision is based on actual work 
experience. And, at Honeywell, 
the experience can be matched 

™ ctl ? >° ■* MM** 

PA. A.,Physics , 1941, Drake; and interests. 

Ph.D., Iowa State, 1948. "This is made possible by 

Honeywell’s wide diversification in the field of controls. 
Honeywell makes more than 12,000 different systems and 
controls. They are precision products whose development 
and manufacture require extensive use of all kinds of engi¬ 
neering skills. And they are used in virtually every industry 
known today. Thus, the man who enters Honeywell’s sum¬ 
mer program gets a real working knowledge, not only of 
controls, but of many related industries. 

"Many of Honeywell’s 14 separate divisions will offer 
assignments under the summer internship program. The 
location and name of each division and activity is listed at 
the bottom of this ad.’’ 


Terms of program 

Honeywell’s program is geared to students one year from 
graduation in any branch of engineering, chemistry, math¬ 
ematics, physics, business administration or accounting. 

Assignments will be made in Design and Development, 
Industrial Engineering, Quality Control, Quality Analysis, 
Production Coordination, Personnel Administration, Fi¬ 
nancial Control, Marketing and Market Analysis. 

There are also special assignments in the Honeywell Re¬ 
search Center for graduate students in Physics, Chemistry 
or Engineering who are one year from completion of their 
work. 

If you are enrolled in this program you will work at 
Honeywell from mid June to early September, approxi¬ 
mately 12 weeks. Included in the weekly schedule will be 
discussions and meetings, as well as practical work assign¬ 
ments. 

Applications being accepted now! 

In order to give maximum benefit to the members of this 
program, Honeywell must limit the number enrolled. If 
you wish to apply for an assignment, send your name, 
address, school, the course in which you are enrolled, 
plus the number of years completed to: 






First in Controls 


Dr. A. Lachlan Reed 
Director, Industry Education Relations 
Minneapolis-Honeywell Regulator Company 
Dept. TC29A 
Minneapolis 8, Minnesota 


Residential Controls: Minneapolis, Minn, and Wabash, ifid. Industrial Instruments; Philadelphia, Pa. Commercial Controls; Minneapolis, Minn., Chicago, 
III. and W?hash, Ind. Aeronautical Controls: Minneapolis, Minn., Los Angeles, Calif, ond St. Petersburg, Flp. Valves: Philadelphia, Pa. Micro Switches* 
Freeport and Warren, III. and independence, la. Appliance Controls; Los Angeles, Calif. Ordnance; Minneapolis, Minn., Wabash, Ind., Seattle, Wash, 
and Monrovia, Calif. Transistors and Servo Components: Boston, Mass. Home Products: Minneapolis, Minn. Photographic and Oscillograph Equipment: 
Denver, Coio. Industrial Tape Recorders and Reproducers: Beltsville, Md. Research: Minneapolis, Minn. Sales; 112 offices throughout the country. 
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the eight western states of the Sixth U.S. 
Army area. John has been at the Presidio 
since September, 1955, when he and his 
wife and their daughter, Dorirta Irene, ar¬ 
rived there from Texas. 

1949 

Rafat Mirza. MS, writes from Manches¬ 
ter, England, that “after I left Caltech, t 
worked with Sir Robert Robinson for my 
doctorate at Oxford. Until I received it in 
1951, I had the good fortune to be able 
to travel through France, Switzerland, Ger¬ 
many, Italy and all over Britain on my 
motorcycle. 

“After a brief stay in Hyderabad in 
1953, I returned to Switzerland to do post¬ 
doctorate research with Professor Prelog 
at the Swiss Federal Institute of Technol¬ 
ogy in Zurich. 

“The next year was spent at Harvard 
working with Professor Woodward. It was 
a great experience to see a master-mind 
at work and the fine training in semi- 
micromanipulation learned with Koepfli 
and Niemann made work a pleasure. After 
two years of postdoctorate work in the 
States, I returned to England. 

“I'm doing full-time research in heter¬ 
ocyclic chemistry here at the Imperial 
Chemical Industries. My wife and I (I 


got married last year) spend our time in 
the mountains—climbing and taking pic¬ 
tures. We miss the California sunshine. 
Here we have six months of winter—fol¬ 
lowed by six months of bad weather.” 

Jack L. W hite reports that his National 
Research Council Research Associateship 
in the Metallurgy Division of the Naval 
Research Laboratory in Washington, D.C., 
has been renewed for the second year. 

Carl A. Price has been appointed Milton 
Research Associate in Medicine at Har¬ 
vard Medical School and will be affiliated 
with the Peter Bent Brigham Hospital. 
Carl received his MA in 1951 and his; 
PhD in 1952 from Harvard Llniversity, 

1950 

I Inv(I B. Humphrey, PhD '56, a member 
of the technical staff at the Bell Labs, 
reports the arrival of a daughter, Victoria 
Irwin, on December 9. The Humphreys 
make their home in Madison, New Jersey. 

1951 

Robert F. Connelly is now sales manager 
of the aircraft and chemical divisions of 
the Bray Oil Company in Los Angeles. He’s 
been with the company for four years, 
except for six months spent recently as the 
western representative for Emery Indus¬ 


tries, Inc. The Connellys announced the 
arrival of a son, Neil Dwight, on Thanks¬ 
giving Day—which makes a total of five: 
four sons and one daughter. 

Edward E. Zukoski, MS, PhD '54, was 
appointed assistant professor of jet pro¬ 
pulsion at Caltech on January 1. He had 
been a resident engineer at JPL since 1954, 

Cdr. Arthur D. Struhle, Jr,, AE, is now 
class desk officer for the Navy’s nuclear 
seaplane, attached to the Bureau ol Aero¬ 
nautics. In preparation for the assignment, 
Art attended the Oak Ridge School of 
Reactor Technology. The Strubles, who 
have four children, are living in Arling¬ 
ton, Virginia. 

Oliver H. Gardner has been appointed 
general manager of Walter R. Cole Si Co. 
in Oakland, California, a steel plate and 
tank fabrication firm. He, was formerly 
division manager of Jacuzzi Brothers, Inc. 

1952 

James La Fleur is the new president of 
Kemsco, Inc., and makes his headquarters 
at the firm’s Los Angeles engineering and 
production division. He was formerly with 
the Garrett Corporation, and was chief 
engineer of Wall Cryogenics, a division of 
Paul Hardeman, Inc. 

1953 

David W'ittry, MS, who is doing gradu¬ 
ate work in physics at Caltech, reports an 
addition to the family — a hoy, born last 
August. 

1955 

Li. Jack JF. Rocchio received his silver 
pilot wings last month in graduation 
ceremonies for Class 57-1 at Goodfellow 
Air Force Base in Texas. His next as¬ 
signment will be at Clark Air Base in 
Luzon. Philippine Islands. 

Oreste If . Lombardi, who is doing grad¬ 
uate work at the New Mexico Institute of 
Mining and Technology at Socorro, New 
Mexico, announced the arrival of a daugh¬ 
ter. Margaret Ann. on February 4. 

Li. Frank C. Michel recently received 
the silver wings of an Air Force jet pilot at 
Laredo Air Force Base in Texas. Frank 
waft employed by the Firestone Tire and 
Rubber Company Guided Missilr Division 
before he joined the Air Force. 

1955 

Lloyd E, Best, MS, is now' a geologist 
with the California Company in New 
Orleans, Louisiana. 

Bruce 0, Vo//. MS, is acting instructor 
in the department of physical sciences at 
the University of California in Santa 
Barbara. 

1956 

Charles A. Sermon is a geology trainee 
at the Continental Oil Company in Ponca 
City. Oklahoma. 
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Graduates in engineering, physics, 
applied math., allied sciences: 


u o nn i *m ^i 


Careers, like cars, come in various models. And now¬ 
adays such things as security, adequate compensation, 
vacations-with-pay are not “extras” any more—they’re 

As an individual, 
you decide whether 
you want white wall 
tires or maybe a 
sportscar. You 
should do no less 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second-to-none; 
mi-,'ile development but you can get 

much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work—these all add up to rewards an ordinary 
job cannot give. You'll work with men of high profes¬ 
sional standing. Your personal contribution will earn 
quick recognition. 

It will be worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 

MISSILE DEVELOPMENT ENGINEERING 

The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
the facilities, the 
caliber of the men. 

Here you will deal 
with speeds well 
up into multiple 
Mach numbers, 
encountering phe¬ 
nomena that were 
only being guessed 
at a few years ago. 

AUTONETICS DIVISION-Automatic Controls Man Has 
Never Built Before. 



just “standard equipment”! 




ATOMICS INTERNATIONAL 


The techniques 
of Electro-mechan¬ 
ical Engineering 
reach their ulti¬ 
mate efficiency in 
their application to 
missile guidance 
systems, fire and 
flight control sys¬ 
tems, computers 
and recorders. You 
will explore, study, 
test, develop and produce apparatus that can extend 
or supersede the human nervous system. 

ROCKETDYNE DIVISION-Builders of Power for Outer 
Space. 

If you like challenging work, the large liquid-propel¬ 
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora¬ 
tory in the Santa 
Susana Mountains. 

The engineers and 
scientists say they 
meet more differ¬ 
ent phases of work 
in a weekherethan 
in a year of "con¬ 
ventional” practice. ROCKETDYNE 




ATOMICS INTERNATIONAL-Pioneers in the Creative 
Use of the Atom. 

At this Division you will see a new industrial era tak¬ 
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics Interna¬ 
tional. With many “firsts" to their credit, these dedi¬ 
cated men continue to spearhead the progress in this 
exacting field. 

For more information write: College Relations Repre¬ 
sentative Mr. J. J. Kimbark, Dept. 991-20 Col., North 
American Aviation, Inc., Downey, Calif. 


NORTH AMERICAN 
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CAREERS WITH BECHTEL 



Gordon Zimmerman, Chief Process Engineer, Refinery Division 


PROCESS ENGINEERING 

One of a series of interviews in which 
Bechtel Corporation executives discuss 
career opportunities for college men. 


Question: Mr. Zimmerman, as 1 
understand it, the young engineer 
joining the Process Engineering De¬ 
partment of the Refinery Division has 
starting assignments that permit im¬ 
mediate and direct application of the 
principles he learned in college? 

ZIMMERMAN: That is true. He is im¬ 
mediately assigned to work under the 
direction of an experienced process 
engineer who becomes his mentor 
through most of his training period. 

Question: What will he the nature 
of his work? 

Zimmerman: It will be fairly tech¬ 
nical. Before l go into detail, perhaps 
a brief description of process engi¬ 
neering might be helpful. We're some¬ 
times called the “Bechtel shock 
troops.” That’s because we often go 
into action before a contract has 
been signed, not only on refineries 
and chemical plants, but sometimes 


on power jobs and pipelines as well. 
On oil and chemical projects, for ex¬ 
ample, we determine far in advance 
of actual construction what materials 
are to be processed and the end 
product or products sought. Thus 
there are always new developments 
to consider and new and fascinating 
problems to solve. There is never any 
monotony in the work we do. 

Getting back to the new process 
engineer—in effect, he becomes a cal¬ 
culator for his mentor who sets up 
problems and turns them over to his 
protege for solution. The young engi¬ 
neer handles sketches, diagrams and 
tabulations of information which he 
returns to the experienced engineer. 

Quest ion : In other n ot ds, the young 
man has no responsibilities other than 
to his supervisor and himself? 

Zimmerman: That is right. He is 
given a wide variety of assignments 


and problems and is trained carefully 
in procedures and process design 
methods that are not possible to learn 
in college. 

Question: Isn’t this a somewhat 
different method of training than is 
followed in other Bechtel divisions? 

Zimmerman: Yes. It is made neces¬ 
sary by the fact that colleges cannot 
possibly keep up with the fast-chang¬ 
ing methods involved in process 
engineering. They can teach the 
principles, but the engineer must 
learn the methods by actual work 
with his mentor “looking over his 
shoulder.” 

Question: For how long a period 
does this close supervision last ? 

Zimmerman: It’s difficult to gener¬ 
alize where so much depends on the 
individual. Usually it lasts from a 
year to eighteen months. During this 
period the young man is progressing 
steadily to more difficult and inter¬ 
esting assignments and to more and 
more individual responsibility. 

Bechtel Corporation (and its Bechtel 
foreign subsidiaries ) designs, engineers 
and constructs petroleum refineries, 
petrochemical and chemical plants; 
thermal, hydro and nuclear electric 
generating plants; pipelines for oil and 
natural gas transmission. Its large and 
diversified engineering Organization 
offers opportunities for careers in many 
brant lies and specialties of engineering 
— Mechanical...Electrical.. .Structural 
.. .Chemical... Hydraulic. 

Write for new brochures showing the 
wide variety of projects Bechtel builds 
throughout the world. 

Address: John E O’Connell, 

Vice President. Industrial Relations 
220 Bush Street, San Francisco 4, Caiif. 



BECHTEL 
C O R P O R AT IO Kf 

SAN FRANCISCO 
Los Angeles • New York • Houston 

m 
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An artist's inside look at 1000-ton-a-day oxygen flash smelting furnace of Inco-Canada at Copper Cliff, Canada. 

inco shows 

How ores are made to smelt themselves 

Important fuel savings... plus tonnage sulfur recovery 
.. .with new oxygen flash smelting process 


This is the hot, flaming heart of a new 
Inco-Canada furnace for treating cop¬ 
per concentrate. 

It’s an oxygen flash smelting furnace. 

That means conservation of fuels, 
conservation of sulfur. That also means 
efficient extractive metallurgy. 

In this new process, you separate 


oxygen from the air. You blow this 
oxygen—and fine copper sulfide concen¬ 
trate—into white-hot furnaces. 

The oxygen reacts with the concen¬ 
trate. Iron and sulfur burn, creating 
heat. The ore smelts itself, eliminating 
need of other fuels: copper collects in 
the matte, iron and rock in the slag. 


And the previously wasted furnace 
gases? These sulfur-rich gases are col¬ 
lected and sold for production of liquid 


sulfur dioxide, up to 300 tons a day. 

Oxygen flash smelting is another 
advance in extractive metallurgy. It’s 
part of a continuing program to step up 
production, to keep costs down, through 
maximum utilization of ores. 

See the new film: “Milling & Smelt¬ 
ing.” 16 mm color prints loaned to engi¬ 
neering classes and student technical 
societies. Write Dept. 129e: 

The International Nickel Company, Ine., 
New York 5, N. Y. 


A International Nickel 

The International Nickel Company, Inc., is the U, S. affiliate of The International Nickel 
Company of Canada , Limited (Inco-Canada)—producer of Inco Nickel , Copper , Cobalt a 
Iron Ore , Tellurium, Selenium and Platinum ,, Palladium and Other Precious Metals , 











8:30-9:15 A.M.—REGISTRATION 
Dabney Hall of the Humanities 

MORNING PROGRAM 
9:30-10:20 AM. 

One of the following: 

A. VIRUSES AND CANCER 

Harry Rubin, Senior Research Fellow in Biology 
It has been demonstrated repeatedly that certain viruses 
can cause cancer in animals. Very recent developments in the 
techniques of laboratory biology now make it possible to study 
the. relationship between viruses and cancer in a precise way. 
Dr. Rubin will discuss the questions that have been raised in 
the field of viruses and cancer and the prospects for answering 
these questions with the new tools and knowledge now avail¬ 
able. 

B. FLOODS! ARE WE PREPARED? 

Norman H. Brooks, Assistant Professor of Civil 
Engineering 

The danger of loss of life and property from floods has been 
greatly increased by man’s encroachment on river flood plains. 
Although the southern California area has not suffered severe 
flood damage within the past two decades, threat of disaster 
is present every year. Studies of flood behavior have led to 
construction and design of improved control projects and to 
new techniques in the forecasting of flood levels. Flood dam¬ 
age and the operation of flood control facilities will be vividly 
ilustrated with photographs taken during recent disastrous 
floods including those which occurred in northern California 
in December 1955. 

10:20-10:50 A.M.—COFFEE TIME 

Served in the patio between Arms and Mudd 

10:50-11:40 AM.— 

One of the following: 

A. LIFE AT A QUARTER MILLION g's 

Jerome Vinograi. Research Associate in Chemistry 
The centrifugal field associated with fast spinning rotors 
provides a new world in which objects may increase in weight 
by a quarter of a million times, a force field equivalent to 
that found on white dwarf stars. Dr. Vinograd will discuss 
the phenomena associated with modern ultracentrifiige inves¬ 
tigations. 

B. BROADCASTS FROM THE STARS 

John G. Bolton. Senior Research Fci'tou in 
Physics and Astronomy 

In the past ten years, radio observations have made great 
contributions to the study of the sun, external galaxies and 
interstellar gas. The number of ‘'radio’’ observatories is 
rapidly approaching that of conventional observatories. A 
large observatory w ith two 90-foot radio telescopes, is being 
built for the Institute near Big Pine in the Owens Valley. A 
description of this project and the airn -1 oi the research pro- 
gram will he given, 

11:55-12:45 P.M.— 

One rif the following: 

A. NEW CARS AND NEW POLITICS 

James C. Davies, Associate I’rofessor of Political Science 
The American public is more interested today in new cars 
than new politics, ffl the midst of world crises we art- turning 
away from politics. This political lethargy can last too long. 
The violent rebirth of anti-white feelings if) Asia arid Africa 
may make our faces turn red even if the non-white world 
dots not. Professor Davies will discuss the significance of Oilt 
politics to our world position. 

B. REVOLUTION IN AERONAUTICS 

Clark B. Millikan. Director. Guggenheim Ae.ioiUiUtitM 
Laboratory , C/7 

Speeds previously attained only by bullets have recently 
become commonplace for manned aircraft and complex guided 


missiles. This remarkable change has been made possible by 
the development of power plants considered exotic 10 years 
ago. Revolutionary solutions have been found to almost in¬ 
surmountable problems encountered in the fields of aero¬ 
dynamics, structures, materials, guidance and control. These 
solutions suggest that even more spectacular flights than those 
now being attained will be possible in the near future, 

1:00-2:00 P.M.—LUNCH—Student Houses 

AFTERNOON PROGRAM 
2:15-3:45 P.M. 

THE NEXT HUNDRED YEARS—A SYMPOSIUM 

In 1956 a team of faculty members of the Institute ar¬ 
ranged a series of discussions with leaders of American in¬ 
dustries. Conferences were held with hoard members and top 
executives of about thirty of our largest corporations. The 
future of the earth’s natural resources in relation to man and 
his technology was discussed. The Alumni Seminar is fortunate 
in being able to present this exciting and thought-provoking 
profile of the future. 

Speakers: 

James F. Bonner, Professor of Biology 

John R. Weir. Associate Professor of Psychology 
Chairman: 

Chester M. Mr Closkey. Director, Industrial Associates 

The interrelationships between man and his resources in 
terms of raw materials, products, manpower, brainpower, and 
processes have recently been systematically explored. In the 
light of the facts revealed, an attempt is made to forecast the 
future of our industrial civilization—beginning with the years 
just ahead, in which steps will he taken that affect us far 
into the future. What is the future likely to tie? How rapidly 
ran we expect industrial civilization to spread throughout the 
world? How large will human populations grow and how 
rapidly? What arc the available raw materials which mart 
can use? Can agricultural productivity he brought abreast of 
world requirements? Are otir technical manpower resources 1 
adequate for the, inevitable evolution? The factors involved 
will he brilliantly analyzed by this select panel. 

3:45 P.M.—COFFEE TIME 

Served in patio between Arm* and Mudd 

OTHER EVENTS 

4:15 P.M. 

Tour through Southern California Cooperative Wind Tun¬ 
nel, 950 South Raymond. Tour i» limited to 150 people and 
will take about one hour. 

OR 

For those who prefer the out-of-doors, the swimming pool 
will he open from 2:00 to 5:00. Bring vour own suit and 
towel. Aqualungs end fish-spears will lie prohibited. 

EVENING PROGRAM 

Dinner Hour: 6:30 P.M. (Bar opens 5:30 1 

Hi - 1 lull 100 W, f oj Or edo Sir) Cl I' l ■: <!' ru 
t tress-—Informal 

AFTER DINNER 

Introductions .try 1.. Ford Etter '34, Or nernl Chairman, Alumni 
Seminar Day, Remarks by Albert B. Ruddock :, Chairman. 
Board of Trustees, California Institute of Ter hnoiogy. 

Cow st Speaker lU'r F. DNTFRFINER 

Hi- Stii.i.ri a vi I for via rncrriES and the 

COMMISSION" 

Many alumni who have heard Dr. I ntr ifiner know that he 
is a very entertaining speaker. He has been on leave from 
the Caltech faculty since October, 195.4. to, serve as- a Com- 
missjoner of thr State of California Public Utilities Cnmirds 
slot! working in your interest, We are fortunate that his plans 
allow hi* rtfliro to atldir n us on this ocr isinn 
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Advance while 
you're young... 

as ci Chance Vau^ht tJnffineev 


Ralph Posch already is making his mark in the aviation world. 
Ralph's only 31, but he’s advanced to lead engineer in 



a career field he’s liked from the start. Ralph’s progress was 
speeded by Chance Vought’s own growth and by keen 
company interest in his development. These same career aids 
are working today for every young engineer who’s 
entered missile and fighter development at Vought. Symposiums 
on creative engineering, for example, encourage the 
brand of technical free thinking Ralph has displayed. Company- 
paid tuition for post-graduate study allows any recent 
graduate to take immediate steps toward advanced degrees. For 
an increasing number of junior engineers, Vought 
offers a nine-month program of job rotation which prepares 
young men like Ralph for key responsibilities. And in 
every unit of Vought’s engineering sections the young profes¬ 
sional is given variety that’s both refreshing and 
broadening. Find out how Chance Vought will do its utmost 
to help you find and advance in the field that best 
suits you. Send a resume of your background and interests to: 



MR. C. A. BESIO, Supervisor, Engineering 
Personnel Section, CHANCE VOUGHT AIRCRAFT, 
INCORPORATED, Dallas, Texas 


'Ol£GJ*7r JkMnertAJF'T' 

iNCOmmOMATMD ■ DALLAS, T M X A D 


And gets data first-hand. 
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CALTECH 

CALENDAR 


ALUMNI EVENTS 


Alumni Seminar 
June 29 


June 5 
Annual Picnic 


Annual Meeting 


ATHLETIC SCHEDULE 


VARSITY TRACK 

March 30 

Caltech at Whittier 
April 6 

Caltech at Redlands 
April 1 3 

Westmant and Pasadena 
College at Caltech 


VARSITY SWIMMING 

March 28 

Caltech at Redlands 
March 29 

LACC at Caltech 
April 3 

Caifech-UCLA-Santa Monica 
at Santa Monica 


FRIDAY EVENING DEMONSTRATION LECTURES 

Lecture Hall, 20! Bridge, 7:30 p.m. 


March 29 

The San Andreas Fault— 
Its Significance in Califor¬ 
nia's Past and Future 
—by Dr. Clarence R. Allen 

April 5 

Mass Spectrometers and 
Isolope Dilution Analysis 
—by Mr. Charles McKinney 


April 12 

Nuclear Power 
—by Dr. Milton Plesset 


April 1 9 

Science of Dry Fly 
Fishing 

—by Dr. William W. Michael 


ALUMNI ASSOCIATION OFFICERS 

PRESIDENT SECRETARY 

William F. Nash, Ir. '38 Donald S Clark '29 

VICE-PRESIDENT „ „ TREASURER 

Willis R. Donahue, Ir., '34 George B. Holmes 38 

BOARD OF DIRECTORS ... 

Robert H. Bungay '30 Chester W. Lindsay '35 

John R. Fee '51 . John E. T Osborn 39 

Edward P. Fleischer '43 Richard H- lahiis 35 

Richard W, Stenzel '21 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 

President E. Morton Holland '36 

A. G. Edwards & Sons, 501 Lexington Avenue, New York 17 
Vice-President Albert E. Myers '29 

530 Rock Road, Glen Rock, New Jersey 

Secret ary-Treasurer Frank F. Scheck *48 

Pennie, Edmonds, Morton, Barrows & Taylor, 

247 Park Avenue, New York 

WASHINGTON, D.C. CHAPTER: 

President Howard W. Goodhue ‘24 

U.S. Army Corps of Engineers Office, Chief of Engineers 
Secretary-Treasurer Paul B. Streckewald *39 

10414 Drumm Avenue, Kensington, Maryland 

SAN FRANCISCO CHAPTER 

President Harrison W. Sigworth '44 

California Research Corporation 

Vice-President Donald E. Loeffler ‘40 

Shell Oil Company, Martinez 

Secretary-Treasurer Jules F. Mayer '40 

Chemical Division, Standard Oil Co., Richmond 
Meetings: Informal luncheons every Thursday. 

Fraternity Club, 345 Busn St., San Francisco 


Fraternity Club, 345 


St., San Francisco 


CHICAGO CHAPTER: 

President Donald H. Loughridge 

Northwestern Technological Institute, Evanston 
Vice-President Robert L. lanes 

Armour Research Foundation, Chicago 

Secretary-Treasurer Lawrence H. Nobles 

Northwestern University, Evanston 

SACRAMENTO CHAPTER: 

President Herbert H. Deardorff 

State Division of Highways, 1120 "N" Street, Sacramento 
Vice-President Wayne MacRostie 

State Water Project Authority, Sacramento 
Secretary-Treasurer RobeTt K. Breece 

State Division of Highways, Design Department, 

Box 1499, Sacramento 

SAN DIEGO CHAPTER: 

Chairman Maurice B. Ross 

3040 Udal Street, San Diego 6, Calif- 

Secretary Frank johri Dore, Ir. 

Consolidated Vultee Aircraft Corp., San Diego 
Program Chairman Heringn S. Englander 

U. S Navy Electronics Laboratory 


(2t&ltidon 

LABORATORY 


PHOTO CHEMICALS 


RALPH C. ATKINSON 30—7070 Santa Monica DM., Hollywood 38, Calif. 


SCHROTER & LOCKWOOD, INC. 

G. Austin Schroter ’28 R. Bruce Lockwood ’37 

Consulting Mining Engrs. - Mining Geologists 
Evaluations - Methods ■ Costs - Ore Finding 
3515 Sunset Blvd. Los Angeles 26, U.S.A, 

Cable: STRATEX—Los Angeles 


DAMES & MOORE 


Trent R, Dames ’33 


William W. Moore 33 


Soil Mechanics Investigations 

Genera! Offices; 816 West Fifth Street, Los Angeles 17 
Regional Offices: Los Angeles, San Francisco, Portland, 
Seattle, Salt Lake City, Chicago, New York, Atlanta, London 



Whether you read in a specialized 
field, or whether your literary range 
is boundless you’re most likely to find 
the book you seek at VROMAN’S. 

(Try VROMAN’S, too, for desk 
supplies and quality gift ideas.) 


/ROMAN’S 


SrUMOEf 3-1171 VMS f COIOtADO ST . PASAMK1 

mu 1-6669 ' 


ENGINEERING AND SCIENCE 















Stores, Lounges and 
Coffee Shops fit in a 
Salesman's case 


Design Inc. sells highly specialized services with photography 
nses S-D color slides to show how their work has paid off. 



D esign i.nc. of St. Louis, Missouri, 
turns empty space into high- 
prol it. low-maintenance areas for 
hotels, motels, and restaurants. The 
work they’ve done and the people 
they hope to sell, stretch across the 
country. And buyers like to be 
shown. 

So tire answer is photography — 
especially three-dimension photog¬ 
raphy in color. Every representative 
carries a collection of slides show ing 


outstanding projects. In addition, 
anyone interested can send for pic¬ 
ture samples, It’s like taking a trip 
and seeing the places themselves. 

Doing hard sales jobs is just one 
of the ways photography works for 
business and industry. In small busi¬ 
ness—in large—it aids product de¬ 
sign. facilitates production and 
expedites office routine. 

Behind the many photographic 
products becoming increasingly val¬ 


uable today and those planned for 
tomorrow’ lie challenging opportuni¬ 
ties at Kodak in research, design, 
production, and business. 

If you are interested in these in¬ 
teresting opportunities — whether 
you are a recent graduate or a j 
qualified returning service- j 

man, write to the Busi- J 

ness and Technical 
Personncl Depart¬ 
ment. 


EASTMAN KODAK COMPANY 

Rochester 4, N. Y. 



in 1940 has resulted in a . . , GROWING BUSINESS supplying over 5000 customers 


AND INNOVATION 


your future with General Electric 


Research provides ^growth from within^ as Company 
builds new products, businesses from 42 major laboratories 


NEW G-E BUSINESSES 
THROUGH RESEARCH 


• Atomic Reactors 

• Electronic Computers 
% Semi-Conductors 

• Rocket Engines 
% Heat Pumps 

• Gas Turbines 

• Silicone Products 
% Electronic Ovens 


Research is the life-blood of General 
Electric. Through the inventions and 
innovations of its 42 major laboratories, 
G.E. has become one of the world’s 
fastest-growing and most diversified 
enterprises, manufacturing over 200,000 
different products in a variety of fields. 
The effectiveness of General Electric’s 
research investment is evidenced by the 
fact that 70,000 G-E employees now 
work on products the Company did not 
make in 1939. 

The development of silicone chemical 
materials is an example of G-E research 
being translated into a growing new 
business. From a laboratory curiosity in 
1940, silicone research has evolved into 
a major business at the Waterford, N. Y. 


plant. Expansion into the silicone field 
is just one area where research has 
opened rewarding careers in engineering, 
manufacturing, and technical marketing 
for qualified technical personnel. 

General Electric’s investment in re¬ 
search can mean much to you, the tech¬ 
nical student. Continued expansion in 
new product lines offers boundless op¬ 
portunities in General Electric’s engi¬ 
neering, manufacturing, and technical 
marketing training programs. To see 
how you can share in this progress 
through research, consult your Place¬ 
ment Director or write to Mr. Gregory 
Ellis, General Electric Company, Sec¬ 
tion 959-1, Schenectady, New York. 


P'ogress Is Our Most Important Product 

GENERALH ELECTRIC 












